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1. Introduction 
 
1.1. Epigenetics 
Epigenetics is a very old word that has been used either to describe the cell fate and system 
dynamics (Hall 2004) or in developmental psychology to describe psychological 
development as the result of an ongoing, bi-directional interchange between heredity and 
the environment. Furthermore, epigenetics is the study of the mechanisms of temporal and 
spatial control of gene activity during development of complex organisms (Holliday 1990).  
 In biology, and specifically genetics, epigenetics is mostly the study of changes in gene 
activity which can be transmitted though mitosis and/or to meiosis but are not caused by 
changes in the DNA sequence. This makes epigenetic changes not only a temporary 
changes but it can lead to a permanent change in the activity status of the gene, either by 
gene silencing or by gene activation, which can be inherited to daughter cells. (Kadauke 
and Blobel 2013). To a lesser extent, epigenetics also describes the study of stable, long-
term alterations in the transcriptional potential of a cell that are not necessarily heritable 
(Issa and Baylin 1996).  
 
1.2. Epigenetic mechanisms 
 
1.2.1.  DNA methylation 
DNA methylation is a biochemical process by the addition of a methyl group to the DNA 
cysteine or adenine. It is considered one of the epigenetic processes that leads mainly to 
gene silencing and inhibition of the gene transcription (Zhou and Lu 2008). DNA 
methylation mainly occurs on the different CpGs clustered as islands in the promoter 
regions of different genes.  Once these islands are methylated no gene transcription is 
allowed (Nan et al. 1998). On the other hands, once these CpG islands are unmethylated, 
an active promoter is there and an active transcription of different genes is enabled (Nan et 
al. 1998). The major regulatory enzymes of DNA methylation are DNA methyltransferases 
known as DNMT. There are different DNMTs that play different roles in the DNA 
methylation process (Cox 1986). DNMT1 is the major DNA methyltransferase and it plays 
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a very important role in the maintenance of DNA methylation status of a gene. This is very 
important to retain any gene silencing in its usually normal state (Gaudet et al. 1998). 
Moreover DNMT3a and DNMT3b are the main players for De novo methylation of 
different genes. DNMT3a and DNMT3b can mediate methylation-independent gene 
repression. DNMT3a can co-localize with heterochromatin protein (HP1) and methyl-
CpG-binding protein (MeCBP) (Bachman et al. 2001). They can also interact with 
DNMT1, which might be a co-operative event during DNA methylation (Hsieh 1999) 
(Figure 2.2.1.1.). 
 
Figure 2.2.1. 1. DNA methylation at the cytosine in the different CpG islands showing different 
enzymes responsible for either De novo methylation (DNMT3a, DNMT3b) or maintenance of the 
methylation status (DNMT1) (Bachman et al. 2001).. 
 
 In T-cells DNA methylation play a very important role in both the development of T-cells 
and later on in the differentiation of distinct T cell subtypes.  Demethylation of the FOXP3 
region in the T-cell can cause the development of the T-cell toward a regulatory T-cell 
(Kehrmann et al. 2014). Furthermore, there are different methylation statuses for the CD4+ 
cells in different diseases when compared with the control groups (Graves et al. 2013; Park 
et al. 2013). The development of T-cells toward different types of T-helper or effector cells 
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undergoes a very extensive epigenetics regulation. The zinc finger protein Th-POK 
regulates the development of CD4+ cells and inhibits the development of the CD8+ cells 
through different DNA methylation of different CD8-associated genes (He et al. 2005). 
Furthermore, displacement of the polycomb protein through STAT-6 regulation causes a 
long maintenance of the GATA3 transcription factor and maintenance of Th2 cells 
(Onodera et al. 2010). On the other hand, Dnmt1 and DNA methylation are necessary to 
prevent Th2 cytokine expression in CD8+ T-cells (Makar and Wilson 2004a).  
 
1.2.2.  Histone modifications 
DNA is usually wrapped around two copies of the core histones H2A, H2B, H3 and H4 
(Wilkinson and Gozani 2014). The main mechanism of regulating the chromatin is by post-
translational modifications of these histones (Bannister and Kouzarides 2011). These 
modifications can influence gene activation (Araki et al. 2008) and/or gene silencing 
(Akbarian and Huang 2009) and can have some DNA repair functions as well (Rossetto et 
al. 2012).  
The major histone modifications are acetylation, methylation, phosphorylation, 
ubiquitination and sumoylation (Figure 2.2.2.1.).  
 
Figure 2.2.2. 1. The figure illustrates the major posttranslational modifications which play 
essential role in gene expression regulation. (Picture is courtesy of integratedhealthcare.eu) 
 
Hani Harb Introduction 
12 
 
 
Histone acetylation of different lysine residues can lead to activation of the transcription 
(Barnes et al. 2005). This activation is catalyzed by histone acetyltransferases (HATs). 
HATs transfer the acetyl group from the acetyl-CoA cofactor to the Nζ nitrogen of a lysine 
side chain within histones. Structural, biochemical, mutational, and enzymatic analyses 
have provided insights into the catalytic mechanism of these enzymes. A remarkable 
outcome of these studies is that each HAT subfamily uses a different catalytic strategy for 
acetyl transfer. This is unusual for a superfamily of enzymes that catalyze the same 
chemical reaction, but perhaps not so surprising for these enzymes because the transfer of 
an acetyl group from a thioester to an amine is not a chemically demanding reaction, thus 
allowing different HAT subfamilies to use different chemical strategies to mediate acetyl 
transfer (Marmorstein and Zhou 2014; Zhang et al. 2014c).  On the other hand histone 
methylation proved to be more complicated. For example, histone methylation on the 
lysine residue number 4, 79 and arginine number 17 (K4, K79, R17) can lead to an active 
transcription of the gene (Benard et al. 2014), whereas histone methylation on other lysine 
residues like K9 and K27 renders the promoter region inactive and causes a silencing of 
the genes (Snowden et al. 2002). Furthermore, Phosphorylation of serine residues at 
histone H3 is a highly dynamic process that creates together with acetylation and 
methylation marks at neighboring lysine residues specific combinatorial patterns that are 
read by specific detector proteins (Bannister and Kouzarides 2011) (Figure 2.2.2.2.). 
Histone modifications in the T-cells play a very important role in both the development of 
the T-cell toward different T-cell subsets as well as the activation or inhibition of different 
effector genes in various diseases. For examples, gene-specific targeting of H3K9 
methylation can cause an efficient gene silencing in many effector Th1 or Th2 genes 
(Snowden et al. 2002). Furthermore, Th-POK the primary CD4+ transcription factor 
recruits different histone deacetylases (HDACs) causing silencing of the CD8 genes 
pushing toward the development of a CD4+ cells (Rui et al. 2012). Lymphocyte 
development is controlled by either repression or activations of different genes. These 
activation/inhibition programs controlled by the assembly of Ag receptor genes by V(D)J 
recombination. Genes expression and the changes in the V(D)J recombination is affected 
by different epigenetic modifications primarily in histones, altering the chromatin folding 
rendering it inaccessible for nuclear factors. G9a a H3K9 methyltransferase causes the 
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development of B-lymphocytes to their mature phase by H3K9 methylation (Thomas et al. 
2008). All the results suggested a role for histone methylation at most and overlook the 
effect of acetylation as a histone modification and its effect on T-cell epigenetics. There 
are some evidence that histone acetylation can directly affect different T-cell function and 
this was suggested by Han S et al. showing that HDAC4 and P300 build a complex with 
GATA3 causing deacetylation on the IL5 promoter suppressing the production of IL5 (Han 
et al. 2006). A detailed description of the epigenetics of T-cells is further discussed 
elsewhere. 
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Figure 2.2.2. 2. Histone modifications showing both active and repressive marks and their 
mode of action (Schones and Zhao 2008) 
In this study the focus was to re-establish and validate the main method to detect histone 
modifications which is chromatin immunoprecipitation (ChIP). 
 
Hani Harb Introduction 
15 
 
 
1.2.2.1. Chromatin Immunoprecipitation (ChIP) 
Chromatin immunoprecipitation is an immunoprecipitation technique intended to 
investigate the interaction between DNA and protein. Its main aim is to explore the 
association between different protein like transcription factors and histone, and a specific 
region of the DNA. This method enables the researchers to look at both the exact enzymes 
and exact time window for this interaction to draw the map of signaling cascades for future 
understanding of the epigenetic mechanisms. There are different limitations of the ChIP 
method, starting with the high number of intact cells needed for this analysis. Furthermore, 
epigenetic marks can vary between cell populations which make the investigation using 
this method only valuable in pure cell populations to unmask any false positive or negative 
results. This method is not yet validated for cohort studies which are growing and the need 
of deep epigenetic analysis on the level of protein-DNA binding is needed. For that case, in 
this study the ChIP was re-established for a lower number of cells and validated to suit any 
future cohort studies. 
1.2.3. Micro-RNAs and non-coding RNAs 
MicroRNA (MiRNA) are short ~22 nucleotide long, non-coding, single-stranded RNAs 
that binds to complementary sequences in the target mRNA resulting in gene silencing 
(Pillai 2005) . They are usually encoded in the intron region of the DNA and their 
biogenesis is a complicated process. It begins with the transcription of pri-miRNA. 
Afterwards the pri-miRNA is cleaved by Drosha in the nucleus producing a ~70-90 
nucleotide (nt) in length called precursor-miRNA (pre-miRNA) (Salam). This cleavage 
process is only possible with the help of DiGeorge syndrome critical region gene 8 
(DGCR8) which is important for the maturation of miRNAs (Macias et al. 2012). The pre-
miRNA is then exported to the cytoplasm by Exportin 5 where Dicer enzyme cleaves the 
pre-miRNA once again to generate a two stranded ~ 22 nt products. The first stand is 
recruited by Argonaut proteins to form RNA-induced silencing complex (RISC), which is 
the major driver for the other strand (miRNA) to target different mRNAs causing silencing 
of the genes (Mattick et al. 2009). MiRNAs interact with chromatin indirectly in different 
way causing different epigenetic changes by altering nuclear events in different cells (Li 
2013). 
1.3. Allergy 
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Allergy is a type of hypersensitivity of the immune system. It’s manifested with different 
symptoms according to the organ that is hit by the hypersensitivity. 
Allergies occur when the immune system reacts to a foreign substance — such as pollen, 
bee venom or pet dander — that doesn't cause a reaction in most people. Allergies can play 
a major role in conditions such as asthma. In some people, severe allergies to 
environmental or dietary allergens or to medication may result in life-threatening reactions 
called anaphylaxis. Food allergies and reactions to the venom of stinging insects such as 
wasps and bees are more often associated with these severe reactions (Nag et al. 2014). 
 
1.3.1. Pathophysiology of allergy 
All allergic diseases are characterized by a distinct pattern of inflammation that is largely 
driven via immunoglobulin E (IgE)-dependent mechanisms. There is different types of 
hypersensitivity ranging from Type I hypersensitivity, which is an allergic reaction 
provoked by re-exposure to a specific type of antigen referred to as an allergen (Bungum et 
al. 2014). Furthermore, Type II hypersensitivity is defined by the antibodies produced by 
the immune response bind to antigens on the patient's own cell surfaces. The antigens 
recognized in this way may either be intrinsic ("self" antigen, innately part of the patient's 
cells) or extrinsic (adsorbed onto the cells during exposure to some foreign antigen, 
possibly as part of infection with a pathogen) (Madden et al. 2013). These cells are 
recognized by macrophages or dendritic cells, which act as antigen-presenting cells. This 
causes a B cell response, wherein antibodies are produced against the foreign antigen. On 
the other hand Type III hypersensitivity is the hypersensitivity coming when antigen-
antibody complexes that are not adequately cleared by innate immune cells accumulate, 
giving rise to an inflammatory response and attraction of leukocytes. It involves soluble 
antigens that are not bound to cell surfaces (Baldo 2013). In addition to these different 
types, the major type of hypersensitivity is Type IV hypersensitivity. It is usually called 
delayed type hypersensitivity as the reaction takes two to three days to develop. Unlike the 
other types, it is not antibody mediated but rather is a type of cell-mediated response 
(Smith and Miller 1979). In this type, CD4+ helper T cells recognize antigen in a complex 
with Class II major histocompatibility complex (MHC II) (Miller 1981). 
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 Genome-wide association studies (GWAS) have identified several genes that are 
associated with asthma and other allergic diseases showing the genetic background of this 
disease (AKHABIR and SANDFORD 2011). In many of these GWAS few novel genes 
have been identified that provided new insights of the pathophysiology of the allergic 
disease. In a GWAS of total serum IgE the most striking hits were functional variants in 
the genes encoding the α-chain of the high affinity receptor for IgE (FcεRα1), RAD50, 
located adjacent to the gene for interleukin-13 (IL-13), and signal transducer and activator 
of transcription 6 (STAT6), which is regulated by IL-4 and IL-13 (Weidinger et al. 2008). 
Environmental factors appear to be more important in determining whether an atopic 
individual develops a particular allergic disease, although genetic factors may exert an 
influence on how severely the disease is expressed and the extent of the allergic 
inflammatory response. The inflammatory process has several common characteristics 
shared between different allergic diseases, including asthma, allergic rhinitis/rhinosinusitis, 
and atopic dermatitis (eczema) (Broide 2010; Hamid and Tulic 2009; Sicherer and Leung 
2010).  
Allergic inflammation is characterized by IgE-dependent activation of mucosal mast cells 
and an infiltration of eosinophils that is orchestrated by increased numbers of activated 
CD4+ Th2 lymphocytes (Sin and Togias 2011). However, in patients with more severe 
disease, other cells such as neutrophils, Th1, and CD8+ (cytotoxic) lymphocytes may also 
be involved (Zhang et al. 2014b). The clinical differences between these diseases are 
largely determined by anatomical differences and the interaction between allergic 
inflammation and structural cells, such as airway smooth muscle cells in the lower airways, 
resulting in bronchoconstriction, vasodilatation in the upper airways leading to nasal 
blockage and rhinorrhea and activation of keratinocytes in the skin. The fact that there are 
common characteristics of allergic diseases suggests that it may be possible to treat these 
common diseases with single agents, particularly, as they often coexist (Figure 2.3.1.1.). 
The major cell that orchestrates allergic inflammation is the Th2 cells by production of IL-
4, IL-5, IL-9 and IL-13. Th2 cells are recruited at the site of allergic inflammation via 
antigen-presenting cells (APCs). Dendritic cells (DCs) are the main APCs that process 
allergens and present T-cell peptides to naive T cells, and DCs play a critical role in the 
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recruitment and activation of Th2 cells through the secretion of chemokines CCL17 and 
CCL22 (Lambrecht and Hammad 2010). 
 
Figure 2.3.1. 1. Inflammation in allergy. A schematic draw by Barnes et.al showing the 
interaction between epithelial cells as the first line of defense against allergens and the 
different types of cells. Dendritic cells presenting the antigen to other types of cells like T-
cells to prime them toward a more Th2 cells producing the main Th2 cytokines like IL4 
and IL13 to activate B-cells to cause an IgG class switching toward IgE the main effector 
molecule in allergic inflammation(Barnes 2011). 
 
 
1.4.  Cell types involved in Allergy: 
Immunologically, many cell types play a role in allergy pathogenesis.  In particular, the 
contribution of dendritic cells, lymphocytes, mast cells, neutrophils and eosinophils will be 
discussed here. 
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1.4.1.  Dendritic cells 
Dendritic cells (DC) play a very important role in the development of allergy by capturing 
antigens, transporting them from the airway surface to regional lymph nodes and 
presenting them to T cells. In the lymph nodes, DC present processed antigen to T cells 
and stimulate the differentiation of naïve T cells into different T cell subtypes. Airway 
dendritic cells also play a crucial role in the local restimulation of circulating effector T 
cells upon allergen challenge (Pouliot et al.). 
 
1.4.2.  Mast cells 
Mast cells are resident cells in many different tissues that play an important role in allergic 
disease. Activation of mast cells through the cross-linking of high-affinity IgE receptors 
causes the release of chemical mediators stored in granules, which contribute to the allergic 
reaction by production of different mediators like histamine the main chemical compound 
leading to the allergic reaction (Jensen et al.). Increased numbers of mast cells in airway 
smooth muscle may be linked to airway hyperresponsiveness due to the release of 
bronchoconstrictor mediators (histamine, cysteinyl-leukotrienes and prostaglandin D2) 
(Bradding and Brightling 2007; Galli et al. 2005; Prussin and Metcalfe 2003).  
 
1.4.3.  Eosinophils 
Eosinophils are white blood cells responsible for combating multicellular parasites in the 
functioning immune system that, in a dysregulated immune response, contribute heavily to 
the allergic reaction (Chu and Martin 2001; Sampson 2000). These cells produce growth 
factors such as TGFβ, VEGF, and PDGF, where TGFβ is believed to be important in the 
regulation of the immune system by CD25+ regulatory T cells and the development of both 
CD25+ regulatory T cell and Th17 cells. Eosinophils also generate leukotrienes which affect 
allergy by increasing the vascular permeability and mucus production in bronchi, leading 
to the infiltration of inflammatory cells in the airway wall. In the same time eosinophils 
express a wide variety of pro-inflammatory cytokines such as IL-1, IL-2, IL-5, IL-6, IL-8, 
IL-13, and TNFα (Rothenberg and Hogan 2006). These cytokines contribute to the allergic 
reaction by activating IgE class switching in B cells and autocrine stimulation of 
eosinophils. 
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1.4.4.  Neutrophils: 
Neutrophils are the most abundant immune cells in the body; they are essential for innate 
immunity and are usually the first cells to migrate to an inflammation site (Witko-Sarsat et 
al. 2000). Like eosinophils, neutrophils are present in the airways of allergic patients, and 
in cases of corticosteroid resistant asthma, they are the most abundant cell type. Increasing 
evidence suggest that neutrophils may be central players with an important role in the 
pulmonary inflammatory processes present in airway allergic disease (Monteseirín 2009). 
Neutrophils contribute to the inflammatory process by secreting both lactoferrin and 
cathelicidin, which work as an antimicrobial compounds and act to attract other immune 
cell types, such as macrophages and lymphocytes, to the inflammation site. Neutrophil 
presence has been linked to severe allergic airway inflammation and the development of 
more chronic state of the disease (Monteseirín 2009). 
 
1.4.5. Lymphocytes 
Lymphocytes are considered the major cell type in the pathogenesis of allergy. Th2 cells 
play an important role in orchestrating allergic inflammation through the release of 
cytokines that include IL-4, IL-5, IL-9, and IL-13 (Barnes 2008) (Figure 2.4.5.1.). Th2 
cells are recruited and activated at the sites of allergic inflammation, and a major focus of 
research has been to understand how topical allergens regulate Th2 cells via antigen-
presenting cells (APCs). Although Th2 cells predominate in allergic disease and Th2 
cytokines play a key role in the pathophysiology of these diseases, other types of T cells 
may also play a role, particularly in more severe disease (Lloyd and Hessel 2010). Th9 
cells are CD4+ T cells that produce IL-9, which are dependent on transforming growth 
factor-b (TGF-b) for their development through activation of the transcription factor PU.1, 
and are regulated by IL-25 (Soroosh and Doherty 2009). The Th9 cells play an important 
role in the pathogenesis of allergic disease. They are a key component in the memory of T-
cell subsets in different allergies (Brough et al. 2014). Moreover, IL-9 contributes to 
disease by promoting mast cell expansion and production of IL-13 which in turn 
contributes to airway hyperresponsiveness.  
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Th17 cells may be associated with more severe asthma and may mediate a more 
neutrophilic pattern of inflammation. Although Th17 cells produce IL-22, a distinct set of 
CD4+ IL-22 producing cells (Th22) has been described in allergic inflammatory diseases 
(Souwer et al. 2010). IL-17 in allergic asthma is most strongly expressed at the more 
severe stages, IL-17 in Atopic Dermatitis (AD) is absent in chronic lesions. The reason of 
this contrasting presence of IL-17 in these different allergic inflammations is enigmatic. 
Otherwise, both chronic allergic asthma and chronic AD inflammation are characterized by 
elevated amounts of IL-22 (Souwer et al. 2010). 
Regulatory T cells (Tregs) may play an important role in suppressing allergic 
inflammation. Several types of Tregs are now recognized, including CD4+CD25+ innate 
Tregs that express the transcription factor Forkhead box protein 3 (FoxP3) and inducible 
Tregs. They may suppress inflammation through secretion of IL-10 or by inducing IL-10 
secretion for bystander cells, as well as direct inhibition of cells, such as DCs, by cell–cell 
contact. There is some evidence that Treg function is impaired in patients with allergic 
diseases and that Treg function is enhanced by specific immunotherapy (Palomares et al. 
2010). 
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Figure 2.4.5. 1. Pathophysiology of allergic disease showing the role of different T-
lymphocytes in the process (Barnes 2011).  
 
1.4.5.1. T-cell epigenetics 
Activation of naïve CD4+ helper T cells via the T-cell receptor (TCR) and MHC II: peptide 
complex induces a rapid T-cell differentiation process. Differentiated helper T cells are 
classified according to the type of cytokines they produce into Th1, Th2, Th9, Th17 or 
Tregs. Both Th1 and Th2 have been extensively studied since the initial description of 
helper T-cell subsets (Mosmann et al. 2005). The epigenetic modifications of T-cells starts 
very early in the differentiation of T-cells toward Th1 or Th2 subsets. In naïve state 
histones in the IFNG and IL4 loci are hypoacetylated (Fields et al. 2002). Furthermore, 
DNA de-methylation at Th2 cytokine genes supports the development of Th2 cells from 
naïve T-cells (Makar and Wilson 2004b). Moreover, histone acetylation provides 
accessibility to both IFNG and IL4 loci for both Th1 and Th2 development. The induction 
of IFNG expression by H2.0-like homeobox protein (Hlx) depends on a permissive 
epigenetic state of the IFNG gene locus and/or the molecular context of the immature Th 
cells (Zheng et al. 2004). On the other hand DNA methylation has been shown to play a 
very important role in the regulation of IFNG expression. In naïve CD4+ cells, IFNG locus 
is heavily methylated and no expression of IFNG possible. Upon differentiation toward a 
Th1 cells, the IFNG locus is hypomethylated and IFNG can be produced upon the right 
stimulus (Melvin et al. 1995). The development toward a Th2 cell on the other hand is 
connected with nearly complete methylation of IFNG locus while the IL4 locus is 
hypomethylated and IL4 can be expressed (Santangelo et al. 2002; Lee et al. 2002).  
In addition to that, ChIP-seq analysis of genome wide histone modifications gave some 
insights how epigenetic modifications can regulate Th cell fate. 
Upon differentiation from a naïve Th state into the various Th subsets, H3K4me3 
deposition was observed at signature effector gene loci within distinct TH subsets (e.g., 
IFNG in TH1, IL4 in TH2, and IL17A in TH17). Moreover, H3K27me3 deposition was 
correlated with transcriptional shutdown of effector gene loci that are characteristic of 
other TH subsets (Wei et al. 2009). For example, the gene locus encoding the TH17 
transcription factor retinoid-related orphan receptor-γ (RORC) was decorated with 
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H3K27me3 in the naïve state, and only acquired H3K4me3, and losing H3K27me3 after 
TH17 differentiation. In contrast, the repressive H3K27me3 signature was reinforced under 
TH1 and TH2 differentiation conditions (Araki et al. 2008). However, this was not always 
the case. The TBX21 (Th1) and GATA3 (Th2) gene loci in naïve TH cells were marked 
with both H3K4me3 and H3K27me3, and whilst these loci resolved to a permissive 
epigenetic signature (H3K4me3+/H3K27me3-) under Th1 and Th2 differentiation 
conditions, respectively, they did not acquire a repressive epigenetic signature when 
differentiated into opposing lineages, but rather maintained a bivalent state. 
Similarly, the TBX21 locus within Th17 cells was also maintained in a bivalent state. In 
the case of Th17 cells, re-stimulation of Th17 cells in the presence of IL12 resulted in 
expression of IFNG and conversion to a Th1 phenotype. This was associated with 
acquisition of permissive epigenetic signatures (histone acetylation) at the IFNG locus and 
IL-12-dependent STAT4 and TBX21-dependent epigenetic silencing of the Th17 
associated RORC locus (Mukasa et al. 2010). There are different enzymes affecting 
histone modifications processes and histone methyltransferases play a major role (Allan et 
al. 2012). SUV39H1 specifically trimethylates H3K9 – a PTM typically associated with 
transcriptional silencing of gene loci that is in turn recognized by heterochromatin protein 
1α (HP1α) (Lachner et al. 2001)Docking of HP1α onto H3K9me3+ gene loci in turn 
recruits HDAC1 and 2, and the transcriptional repressor methyl-binding domain protein 
(MBD1) (Fujita et al. 2003). In this way, H3K9 acetylation, a PTM associated with 
transcriptional activation is limited. Thus, SUV39H1-mediated trimethylation of H3K9 is 
an initial step that triggers histone deacetylation and binding of transcriptional repressor 
protein complexes that stably silence targeted loci. 
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Figure 2.4.5.1. 1. Epigenetic maintenance of Th2 lineage commitment.  
In the Th2 cell subset, the master regulator of Th1 cells (TBX21) is silenced. The histone 
methylase Suv39H1 adds the repressive H3K9me3 mark at the Tbx21 locus. This initiates 
recruitment and docking of heterochromatin protein 1 alpha (HP1α), histone deacetylase 
(HDAC1 and 2), and methyl-binding domain protein (MBD1). HDACs then remove the 
active H3K9ac mark to maintain silencing, mediated by H3K9me3, at the TbX21 locus 
(Russ et al. 2013). On the other hand, Inhibition of repressive histone methylation by the 
specific inhibitor 3-deazaneplanocin induced Th9-specific PU.1 expression, even in 
conditions that would normally yield only Th0 cytokines. Conversely, prevention of 
histone acetylation by the histone acetyltransferase inhibitor curcumin diminished PU.1 
expression after IL-9-inducing stimulation. Our findings identify age- and differentiation-
status-related epigenetic modifications of PU.1 as a unique regulator of Th9 memory 
acquisition and Th9 immunity (Ramming et al. 2012). 
 
1.5. Environmental factors affecting epigenetic programming 
Environmental factors play a very important role in changing different epigenetic marks in 
the mammalian cells. Starting with heavy metals like cadmium that can for example cross 
the placenta during pregnancy causing DNA methylation of different promoter regions of 
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different genes regulating apoptosis and transcriptional regulation (Sanders et al. 2013). 
Furthermore, folate supplementation during pregnancy can exert epigenetic modification 
on the offspring as well (Hollingsworth et al. 2008). 
1.5.1. Tobacco smoke, Polycyclic aromatic hydrocarbon (PAH) and 
particulate matter (PM)  
Airborne pollutions like tobacco smoke exert many harmful effects and an exposure to its 
fumes has been connected to hypermethylation of some genes (Bosetti et al. 2008). 
Furthermore, polycyclic aromatic hydrocarbon (PAH) is the most widespread pollutant on 
earth. Evidence is accumulating showing that PAH exposure can lead to many diseases, 
like lung cancer (Brodie et al. 2014), asthma (Tang et al. 2012), obstructive lung disease 
(Burstyn et al. 2003) and more. PAH exposure is associated with impaired systemic 
immunity and DNA methylation in a key locus involved in atopy: FOXP3, with a higher 
impact on atopic children (Hew et al. 2014). In addition to that, maternal exposure to PAHs 
was associated with hypermethylation of IFNγ in cord blood DNA from cohort children. 
These findings support a potential role of for PAH in reprogramming the fetal epigenome 
and thus leading to increased disease susceptibility (Tang et al. 2012). Another factor that 
can affect the epigenetic marks in the mammalian cells is particulate matter (PM) e.g. dust, 
diesel particulate matter. All these particles can cause different disease like asthma and 
cardiovascular diseases (Ji and Khurana Hershey 2012). In mice, the exposure to these PM 
particles caused an increase in DNMT1expression in lung epithelial cells and in the 
methylation of the P16 promoter that is linked to the development of cancers (Soberanes et 
al. 2012). 
 
1.5.2. Bacterial exposure 
According to the hygiene hypothesis proposed by Strachan et.al (Strachan 2000), different 
bacterial exposure during pregnancy and early life has an impact on the development of the 
immune system. One important environmental exposure during pregnancy and childhood 
influencing immune system development is bacterial exposure at the farm environment. 
Ege et.al showed that the bacterial exposure is directly proportional to the protection of 
asthma in children (Ege et al. 2011). This was done in two different European cohorts, the 
GABRIELLE study and the PASTURE study. Children who have been born and grown up 
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in farms were less susceptible to developing asthma and allergic disease when compared to 
children born and raised in the countryside but outside of a farm (Pfefferle et al. 2013). In a 
mouse model of asthma, offspring of mothers who were treated intranasally with 
Acinetobacter lwoffii were protected from developing asthma compared to sham treated 
mothers. This effect was mediated by histone acetylation of the IFNγ locus (Brand et al. 
2011). Furthermore, commensal bacteria like Lactobacillus rhamnosus GG and 
Bifidobacterium caused a decrease in LPS-induced IL-17 and IL-23 production by 
suppressing histone acetylation in mice (Harb et al. 2013). This effect spreads beyond 
commensal bacteria to pathogens like Helicobacter pylori that causes DNA methylation 
(Ding et al. 2010), histone acetylation in gastric epithelial cells promoting the pathogenesis 
of the disease (Fehri et al. 2009) and even regulate different miRNAs like miR-222 and 
upregulation of miRNA-584 and miRNA-1290 by CagA of the bacteria in human epithelial 
cells(Li et al. 2012). These effects of bacteria that colonize the human gut suggests that 
these microorganisms play a very important role in the development of the human immune 
system, not only by shifting the immune reactions toward a Th1 rather a Th2 but also goes 
deep into the molecular level causing changes in our epigenome by different epigenetic 
mechanisms that can lead at the end to the shaping of our immune system.  
 
1.5.3. Medication 
In addition to the previously mentioned factors different pharmacological compounds can 
influence the epigenetic code. These compounds can be either of a nature origin or 
chemical compounds produced in the lab.  
Mainly, pharmacological compounds cause an effect of the main metabolic enzymes 
cytochrome (CYP) p450. Many CYP genes do not have any apparent polymorphism or 
mutations that can cause the different effect of medication on the activity and sensitivity of 
these enzymes. In recent years, many studies have emerged showing the epigenetic effect 
of different medications and pharmacological compounds on certain genes.  
DNA methylation contributes to the regulation of CYP1A1 in prostate cancer cells. The 
lack of CYP1A1 expression in the prostate cancer cell line LNCaP has been associated with 
methylation of the promoter region of the CYP1A1 gene, which prevents the binding of the 
AhR complex to the dioxin response element (DRE) (Okino et al. 2006). Furthermore, 
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many pharmacological compounds were shown to have an effect on T-cell epigenetics. 
Allergen specific immunotherapy caused an increase in Treg numbers by the reduction of 
the DNA methylation on different CpG islands on the Foxp3 locus (Lal and Bromberg 
2009). Additionally, demethylation agents like 5-azacytidine (5-azaC),  procainamide and 
hydralazine could induce lupus-like autoimmunity in vitro and in vivo likely due to DNA 
demethylation in T cells (Zhou and Lu 2008; Richardson et al.). 
 
1.5.4. Diet  
There are many studies suggesting that the diet is affecting different epigenetic 
mechanisms both systematically and on specific targets. Here especially the effect of a 
methyl rich diet on DNA methylation was analyzed. . For instance, methyl donor rich diet 
of pregnant mice can cause a drastic change in the fur color of offspring due to changes in 
DNA methylation  at the agouti locus(Shorter et al. 2014; Dolinoy 2008) (Figure 1.5.4.1.). 
Furthermore, maternal diet supplemented with methyl donors enhanced the severity of 
allergic airway disease that was inherited transgenerationally (Hollingsworth et al. 2008) 
 
Figure 2.5.4. 1. Agouti mouse model, showing the effect on fur color through methyl 
donor high diet affecting the agouti gene responsible for the color of the mice. The blonde 
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mice represent high methyl diet and the methyl diet goes down as the color darkens 
(Dolinoy 2008). 
 
One of the most prominent methyl donors is Folic acid and vitamin B12 that can affect the 
DNA methylation status universally (Zhang et al. 2014a). Furthermore, other nutrients like 
vitamin A and vitamin D3 can inhibit DNA methylation by regulating of different proteins 
like p21 and AP-1 involved in Dnmt1 activity through interaction with different receptors 
(Sundar and Rahman 2011). Nevertheless, also histone modifications can be modified by 
dietary compounds. Many vegetables like wasabi, horseradish, mustard, radish, Brussels 
sprouts, watercress, nasturtiums, and capers contains isothiocynate that can inhibit histone 
deacetylases (HDACs)  causing a universal histone deacetylation and silencing of different 
genes (Meeran et al. 2012). 
 
1.5.4.1. Folic Acid 
Folic acid, also known as vitamin B9 is a water soluble vitamin found mostly in leafy 
vegetables. In figure 2, the chemical formula of folic acid is shown. 
 
Figure 2.5.4.1. 1. The chemical formula of folic acid downloaded from 
http://en.wikipedia.org/wiki/File:Folic_acid.svg  
Folic acid is considered one of the most important vitamins during pregnancy as it has a 
very important role in the development of neural tube and the development of the embryo 
(Jagerstad 2012). Moreover, folic acid supplementation during pregnancy was associated 
with less congenital heart diseases in newborns (Feng et al. 2015). 
On the other hand, folic acid has been associated with the development of asthma and 
allergy later in life if supplemented in a high dose during pregnancy (Dunstan et al. 2012). 
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This effect is mainly elicited through different epigenetic mechanisms like DNA 
methylation (Ghoshal et al. 2006) and other mechanisms like decreasing different DNA 
methyltransferases and histone modifying enzymes like Dnmt1, Dnmt3, MBD2, HDAC1-9 
and MBD4 mRNA and protein levels during early stages of hepatocarcinogenesis (James 
et al. 2003). On the level of T-cells folic acid supplementation can promote the survival of 
Foxp3+ cells in the colon (Kinoshita et al. 2012).  
 
 
1.5.4.2. Fish Oil 
Fish oil is the product of oily fish like Salmon and Sardines. Fish oil contains the two 
major omega-3 (ω-3) fatty acids, eicosapentaenoic acid (EPA), and docosahexaenoic acid 
(DHA), the precursors of different eicosanoids that play a very important role in the 
reduction of inflammation by the production of resolvins and defensins (Keelan et al. 
2014). Fish oil supplementation in adults protects against heart diseases (Cleverley et al. 
2013), brain diseases (Pascoe et al. 2015), insulin resistance (Bremer et al. 2013) and 
protection against some cancers (Runau et al. 2015). Furthermore, fish oil supplementation 
during pregnancy has great effect on the developing of the fetus. Omega–3 
supplementation during pregnancy changes the whole inflammatory response of the fetus 
(Klemens et al. 2011). These findings were supported with what Miles et.al found that 
supplementation of ω-3 fatty acids reduces the risk of asthma and allergy development 
later in life (Miles and Calder 2013). This reduction was mediated by modulating the 
immune response by reduction of IL-13 and IL-5 levels in DHA supplemented infants 
compared to control (D'Vaz et al. 2012c). 
 
1.6. Goal of the study 
To study the role of epigenetic modifications in the development of chronic inflammatory 
disease DNA methylation has been analyzed in several cohort studies (Bose et al. 2014; 
Hagrass et al. 2014; Chang et al. 2014). Due to the challenging nature of the analysis of 
histone modifications these modifications have never been analyzed in the context of 
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The goal of the study was to establish a chromatin immunoprecipitation method suitable 
for cohort studies. As it is clear that the differentiation of T cells into effector T cells and 
the production of cytokines by effector cells plays a vital role in the development of 
chronic inflammatory disease this study focuses on histone modifications of Th1, Th2, 
Th9, Th17 and Treg gene loci in CD4+ T cells from peripheral blood. The study 
concentrate on histone H3 and H4 acetylation as once the analysis of these markers has 
been established it should be relative easy to analyze also other modifications  just by 
using other antibodies against e.g. methylated histones. The method should be validated 
according to validation protocols to ensure the redundancy and repeatability of the results. 
The reason for the validation is the following: 
• Humans are unique individuals and usually display a relatively high variance 
between individuals so that is important to analyze the normal range of H3 and 
H4 modifications at a given locus.  
• To determine the best working conditions for this method on the long run for 
cohort studies, including storage conditions effects, temperature effect and the 
effect of repeated freezing and thawing of the samples. 
 
Until now, all published methods needs a high number of cells up to 5 million cells. As 
chronic inflammatory disease often have an origin in early childhood so that it is especially 
interesting to analyze epigenetic modifications in children.  Here it is hard to get these 
amounts of pure CD4+ T cells so that it the number of cells needed to produce reliable and 
redundant results for such cohort samples should be reduced.  
To prove that it is possible to use the method to show differences between cohort group’s 
samples from different cohorts should be analyzed. These cohorts include: 
 
• A cohort from Australia was the folate level of pregnant mother was analyzed. The 
goal of this study is to show if high maternal folate levels influence epigenetic 
modifications including histone acetylation in CD4+ T cells of the neonates. 
• An additional Australian cohort were the effect of fish oil supplementation during 
pregnancy vs. placebo supplementation on histone acetylation and their correlation 
with disease development later in life should be analyzed. 
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• A comparison between healthy children vs. allergic asthmatic children on the level of 
histone acetylation to analyze H3 and H4 acetylation in this cohort for future analysis 
and planning of new cohorts focusing on the origins of allergic disease.  
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2. Materials and Methods 
2.1. Cells 
Human CD4+ cells. 
2.2. Chemicals and reagents 
Sodium Butyrate      Sigma – Aldrich, Germany 
Glycine       Sigma – Aldrich, Germany 
Lithium Chloride (LiCl)     Jena Bioscience, Germany 
Sodium Chloride (NaCl)     Roth, Germany 
Tris – HCl       Roth, Germany 
Tween 20       Roth, Germany 
Sodiumdodecylsulfate (SDS)     Roth, Germany 
Igepal CA-630       Sigma – Aldrich, Germany 
Sodium carbonate (NaHCO3)    Sigma – Aldrich, Germany 
Sodium Hydroxide (NaOH)     Merk, Germany 
Triton – X100       Sigma – Aldrich, Germany 
Sodium Deoxycholclate (DOC)    Sigma – Aldrich, Germany 
Potassium Chloride (KCl)     Sigma – Aldrich, Germany 
Ethylenediaminetetraacetic acid    Sigma – Aldrich, Germany 
Piperazine-N,N′-bis(2-ethanesulfonic acid) (PIPES) Sigma – Aldrich, Germany 
 
2.3. Kits 
Full blood CD4+ isolation kit    Miltenyi, Germany 
PCR purification kit (250)    Qiagen, Germany 
2.4. Deoxyribonucleic acid 
Different Th1, Th2, Th17, Th9 and Treg gene promoter primers were established and 
validated in both normal and quantitative PCR. 
 
2.4.1. Oligonucleotides 
Table 3.4.1.  Promoter primers used for both validation and measurement of different 
enrichment values on both H3 and H4 histone acetylation. 
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2.5. Antibodies 
IgG antibody        Abcam, Cambridge, UK 
Anti- H3 acetylation Rat anti Human   Millipore, Germany 
Anti-H4 acetylation Rat anti Human    Millipore, Germany 
Anti -CD4 FITC labelled Rat anti Human   BD, Germany 
Anti-CD45R PE labelled Rat anti Human   BD, Germany 
 
2.6. Reagents and Buffers 
Ready to ChIP chromatin      Diagenode, Germany 
Protease Inhibitor cocktail     Roche, Germany 
RNase A       Invitrogen, Germany 
Proteinase K from Tritrichium Album   Sigma – Aldrich, Germany 
nProtein A Sepharose Beads     GE Healthcare, USA 
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nProtein G Sepharose Beads     GE Healthcare, USA 
Sybr Green       Qiagen, Germany 
PBS         PAA, USA  
Cellfix        BD, Germany 
Human Serum       Linco, Germany 
Fetal Calb Serum      PAA, USA 
CD4+ dynalbeads      Invitrogen, Germany 
 
Lysis Buffer I for 50 ml 
5 mM PIPES pH 8 0,5 ml 0,5M PIPES pH 8 
85 mM KCl 1,4 ml 3M KCl 
0,5% NP40 (Igepal-CA630) 0,25 ml Igepal (100%) 
Protease Inhibitor cocktail tablets One Tablet 
 
Lysis Buffer II for 50 ml 
10 mM Tris-HCl pH 7,5 0,5 ml 1M Tris-HCl pH 7,5 
150 mM NaCl 1,5 ml 5M NaCl 
1% NP40 (Igepal-CA630) 0,5 ml Igepal (100%) 
1% DOC (Natriumdeoxycholat) 0,5 g 
0,1% SDS 0,25 ml 20% SDS 
1 mM EDTA 0,1 ml 0,5M EDTA pH 8 
Protease Inhibitor cocktail tablets One Tablet 
 
Wash Buffer I for 50 ml 
20 mM Tris-HCl pH 8 1 ml Tris-HCl pH 8 
150 mM NaCl 1,5 ml 5M NaCl 
2 mM EDTA 0,2 ml 0,5M EDTA pH8 
0,1% SDS 0,25 ml 20% SDS 
1% Triton X100 0,5 ml Triton X100 
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Wash Buffer II for 50 ml 
20 mM Tris-HCl pH 8 1 ml Tris-HCl pH 8 
500 mM NaCl 5 ml 5M NaCl 
2 mM EDTA 0,2 ml 0,5M EDTA pH8 
0,1% SDS 0,25 ml 20% SDS 
1% Triton X100 0,5 ml Triton X100 
 
Wash Buffer III for 50 ml 
10 mM Tris-HCl pH 8 0,5 ml Tris-HCl pH 8 
1% NP40 (Igepal-CA630) 0,5 ml Igepal (100%) 
1% DOC 0,5 g 
1 mM EDTA 0,1 ml 0,5M EDTA pH 8 
0,25 M LiCl 1,25 ml 10MLiCl 
 
1xTE for 50 ml 
10 mM Tris-HCl pH 8 0,5 ml Tris-HCl pH 8 
1 mM EDTA 0,1 ml 0,5M EDTA pH 8 
 
Elution Buffer  for 25 ml 
1% SDS 1,25 ml 20% SDS 
0,1 M NaHCO3 2,5 ml 1M NaHCO3 
 
2.7. Consumables 
Reaction tubes (1.5 ml)      Eppendorf, Germany 
Reaction tubes (0.1 ml)      LTF, Germany 
FACS tubes        BD Falcon, Germany 
2.8. Machines 
Tip-Sonicator     (Heilscher, Germany)    
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Bioruptor Power up    (Diagenode, Belgium) 
Flow Cytometry Canto   (BD, Germany) 
 
 
2.9. Isolation of CD4+ cells from human full blood. 
2.9.1. Ethical Approval 
10 healthy subjects were recruited for ChIP analysis and method validation. The ethical 
approval was obtained from the ethic committee of the Philipps University Marburg. 
 
2.9.2. Isolation of CD4+ cells from human full blood  
2 ml full blood was withdrawn in EDTA tubes and a direct isolation of CD4+ cells was 
run as follows: 
CD4+ magnetic beads were added to the blood directly in a ratio of 50 µl for each 1 ml 
blood. The beads and blood were incubated for 15 min in 4°C. Afterwards, 20 ml 
MACS buffer was added and blood was centrifuged at 800 g for 10 min without brakes. 
The supernatant was discarded and the rest were suspended in 1 ml MACS buffer. The 
suspension mixture was added on the LS/MS columns (Meltinye, Germany) attached to 
the magnet. The columns were washed 3 times with 3 ml MACS buffer to ensure that 
no red blood cells were left in the column. Then the columns were removed from the 
magnet and the cells were washed out using 5 ml elution buffer containing 0.009 % 
sodiumazide. The cells were centrifuged at 600 g for 10 min and the pellet was 
resuspended in 1 ml MACS buffer for further analysis. 
 
2.9.3. CD4+ cells purification test through flow cytometry  
To measure the purity of the isolated cells, the human CD4+ cells were resuspended in 1 
ml FACS buffer in FACS tubes. The cells were then stained with anti-CD45R and anti-
CD4 antibodies to measure the purity of our population according to the following 
scheme 
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The FACS tubes were centrifuged at 350 g for 10 min. afterwards, the supernatant was 
discarded and the pellet was suspended in 50 µl human serum + 9 µl FACS buffer. 1 µl 
of the antibodies were added as shown in the scheme. The cells were incubated for 15 
min with the antibodies at RT in a dark place. Once the incubation was completed 1 ml 
FACS buffer was added and the tubes were centrifuged once again with 350 g for 10 
min. the supernatant was discarded and the pellet was resuspended in 300 µl in Cell fix. 
The cells were measured using FACS Canto II.  
 
2.10. Chromatin immunoprecipitation (ChIP). 
 
2.10.1. Preparation of the CD4+ cells chromatin for chromatin 
immunoprecipitation. 
CD4+ cells were isolated using either CD4+ beads (Miltenyi, Germany) or CD4+ 
dynalbeads (Invitrogen GmbH, Darmstadt, Germany). For the crosslinking of the 
histones with the DNA, cells were fixated for 8 min on RT using 1% formaldehyde. The 
reaction was stopped using 55 µl 2.5 M glycine. The chromatin was treated for 3 min 
with 5 M sodium butyrate to enhance the binding of the acetyl group to the histone and 
then centrifuged for 5 min at 8000 rcf (relative centrifugal force) at room temperature 
(RT). Moreover, the chromatin was incubated with lysis buffer I for 20 min on RT. 
After spinning down the chromatin for 5 min at 8000 rcf on RT, the chromatin was 
incubated with lysis buffer II containing 0.1 – 1.5% sodium dodecyl sulfate (SDS) for 5 
min on RT and 3 min on ice then put directly in either the tip sonicator or the power-up 
bioruptor (Diagenode, Belgium) for 30 cycles, where each cycle was 30` on and 30` off 
(high power). Afterwards, the chromatin was centrifuged for 15 min at 28000 rcf to 
- Tube - FITC - PE 
- 1 - CD 4 - CD 3 
- 2 -  - CD45R 
- 3 - CD4 - CD 45R 
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remove any debris that may interfere in the process. The supernatant was transferred to 
a new reaction tube and diluted to an SDS concentration of 0.1%.  
 
2.10.2. Chromatin Immunoprecipitation (ChIP) 
1. For the Chromatin immunoprecipitation, Sepharose beads (GE Healthcare Bio-
sciences AB, Uppsala, Sweden) were washed once with lysis buffer II then centrifuged 
at 1800 rcf for 2 min. After removal of the supernatant the beads were blocked with 1 
mg/ml BSA and 400 µg salmon sperm DNA overnight at 4oC. The beads were then 
centrifuged at 1800 rcf for 5 min and washed once with 5 ml lysis buffer II. 30 µl of the 
beads per IP per number of samples were transferred to a new reaction tube and stored 
to be used for step 6.  
2. 20 µl beads per antibody per sample were added to the chromatin and incubated for 2 
hours at 4oC for removal of chromatin which is binding unspecific to the Sepharose 
beads (preclearing 1). After the incubation time the supernatant with the precleared 
chromatin was transferred to a new reaction cup (1.5 ml).  
3. In the meantime the rest of the beads were filled with 500 µl lysis buffer II per 
sample and 1 µg of an unspecific IgG antibody (Abcam, Cambridge, UK) was added 
per sample. The beads with the unspecific antibody were incubated for 1 hour at 4oC. 
Afterwards the beads coupled with IgG antibody were centrifuged for 5 min with 1800 
rcf and washed 3 times each with 5 ml lysis buffer II and centrifuged for 5 min with 
1800 rcf.   
4. 20 µl of the IgG coupled beads were added to the precleared chromatin from step 2 
and incubated for another 2 hours at 4oC for removal of chromatin which is binding 
unspecific to IgG antibodies (preclearing 2). At the end of the incubation time, the 
precleared chromatin was centrifuged at 8000 rcf for 5 min at 4oC.  
5. The supernatant containing the chromatin was transferred to a new reaction cup. 10% 
volume of the chromatin was set aside for the input control. The H3 or H4 acetylation 
antibodies (4 µg) (Millipore, Darmstadt, Germany) were added to the chromatin and 
incubated overnight at 4oC. A negative control IgG was also prepared (0.5 µg) (Abcam, 
USA). 
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6. 30 µl bead that are been saved from step 1 were added to each IP and then incubated 
for 2 hours at 4oC. Once the incubation was completed the beads were centrifuged at 
8000 rpm for 2 min and washed two times with wash buffer I, two times with wash 
buffer II, 3 times with wash buffer III, and finally two times with 1X TE buffer. After 
discarding the supernatant, 500 µl of the elution buffer were added to the Sepharose 
beads, vortexed and incubated for 30 min on the fast rotor at RT. Afterwards, the 
mixture is being centrifuged at 8000 rpm for 2 min. The supernatant contains the 
precipitated chromatin and was transferred to a new reaction tube.  
7. For crosslinking reversal following mixture is being added to the IP product as well 
as to in input controls saved from day two with 500 µl elution buffer to the input 
controls.  
20µL  5M  NaCl 
10µL 0,5M  EDTA  pH8 
20µL 1M  Tris  pH7.2 
1µL   ProteinaseK (20mg/ml) 
1µL   RNaseA (10mg/ml) 
to make a 52µL Master mix for each sample. 
 The mixture will ensure the detachment of the histones from the DNA and denaturation 
of the rest of proteins and any RNA found. The samples were incubated for 3 hours at 
55°C then 65°C overnight. On the fourth day the DNA will be purified using QIAquick 
kit according to the manufacturer’s manual protocol. 
All incubation steps were performed on an overhead rotator. 
The purified DNA was used in real time PCR to measure the enrichment of different 
promoter regions of different genes.  
 
2.10.3. Enrichment measurement 
To measure the effect of the acetylation on different gene promoter per cent enrichment 
was measured to a control that represents 100 per cent. 
The enrichment is calculated using the following formula: 
% Enrichment = 100*2[(CTinput – 3.3) - CTsample]  
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The adjusted CT value used comes from a 10% input from the starting materials if the 
starting input fraction is 10%, then a dilution factor (DF) of 10 or 3.3 cycles (i.e., log2 
of 10) is subtracted from the Ct value of diluted input. 
The final enrichment percentage was calculated by subtracting the enrichment of our 
negative IgG-Mock control from the enrichment of our wanted antibody. 
The per cent enrichment was then normalized to the RPL32 house keeping gene as:                
% Enrichment to desired gene/ % Enrichment to positive control. 
 
2.11. Validation of the ChIP method. 
After establishing the method, different validation techniques and protocols were 
implemented for the following reasons: 
  
• Humans are unique individuals. To consider if a measured value in any 
individual is “normal” it is necessary to know which values can be measured in 
healthy subjects. This is the so-called reference range 
• To determine the lowest values which could be measured it is necessary to 
determine the lower limit of the blank.  To determine the lowest number of cells 
needed for an acceptable measurement the lower limit of quantification must be 
analyzed 
• It is common to freeze samples during collection within cohort studies so that it 
is necessary to analyze if freezing and storage could affect the analysis.  
• As histone modifications could be temperature sensitive it is also necessary to 
analyze if e.g. if exposure to higher temperatures (room temperatures) is 
affecting the outcome of the ChIP.  
• An internal standard is needed to ensure that a measurement is valid.  
 
2.11.1.  Reference range, inter- and intra-assay coefficient of variance 
To analyze the normal variation of H3 and H4 histone acetylation at a certain locus in 
healthy individuals, a reference range for each locus measured was set for both H3 and 
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H4 histones. To do so histone acetylation at certain loci was measured in 10 healthy 
subjects and taking the upper and lower 95 % confidence interval for the measurement. 
These values represent the normal values that a healthy person should have for both H3 
and H4 acetylation for different enrichment values for different gene promoters. 
Furthermore, both inter- and intra-assay coefficient of variance were measured to test 
both the specificity and sensitivity of the ChIP respectively. The inter-assay of variance 
is the variance when measuring the same sample many times in different runs, whereas 
the intra-assay coefficient of variance is variance when measuring the same sample 
many times in the same run. 
 
2.11.2.  Lower limit of the blank (LOB). 
Lower limit of the blank (LOB) is the measurement of the background of our test. It’s 
measured by measuring 5 blank samples in one run and taking the mean value of the 
enrichment + 3 standard deviations (Armbruster and Pry 2008).  
 
2.11.3.  Lower limit of quantification (LOQ). 
Lower limit of quantification (LOQ) is the lowest number of cells needed for a 
repeatable and redundant enrichment measurement (Armbruster and Pry 2008). CD4+ 
cells were titrated from 1X106, 5X105, 1X105, 5X104 and 1X104 cells. RPL32 and IL10 
were picked for the testing of the lower limit of quantification. RPL32 was picked as the 
positive gene for this validation. Moreover, IL10 was used as an examplatory gene as a 
representative of the asthma related genes. 
  
2.11.4.  Freeze – thawing effect. 
It is well known that most of the cells that are used for any type of analysis are usually 
stored and thawed throughout this collection and analysis process. To ensure that the 
chromatin do not undergo any changes or destruction through freezing and thawing 
procedures, chromatin was frozen and thawed two times and a comparison between 
freshly isolated chromatin and frozen – thawed chromatin was done looking at the 
enrichment values for both histone 3 (H3) and histone 4 (H4) acetylation.  
Hani Harb Materials and Methods 
42 
 
 
2.11.5. Temperature effect. 
Furthermore, it is known that DNA – Protein binding is relatively weak binding and it is 
temperature sensitive (Bi 2014; Ausió 2015). To test the effect of normal temperatures, 
chromatin isolated from human CD4+ cells was left on room temperature (RT) for 24 
hours and enrichment values for acetylated histones H3 and H4 at different gene loci 
were measured and compared to enrichment values from freshly isolated and ChIPed 
chromatin. .  
  
2.11.6. Long time stability test. 
It is well known, that for cohort studies samples will be harvested, prepared and frozen 
for longer time periods until the required number is reached for the measurement of 
different parameters. To look if longer storage time has an effect on the histone 
modifications and the enrichment values of different asthma/allergy associated genes. 
For this reason, CD4+ cells were stored for 7 and 30 days in -80°C then chromatin 
immunoprecipitation protocol was run and a comparison between freshly isolated and 
ChIPed chromatin and the chromatin isolated from 7 and 30 days frozen cells was done. 
Enrichment values for both histone 3 (H3) and histone 4 (H4) acetylation were 
measured for different asthma/allergy associated genes. 
 
2.11.7. Setting an internal standard. 
To set an internal standard that shows us that our work is standardized and any changes 
in the measurements seen is due to a mistake in the protocol or a real difference in the 
samples. As our method is a house established and validated method, the best standard 
to be used was a chromatin with a well-known enrichment values for different genes for 
both H3 and H4 acetylation. This standardization can be achieved by one of two ways; 
establishing our own pool of chromatin, measuring its enrichment values and uses its 
aliquots for our measurement. The second way was to use a ready to ChIP chromatin 
from Diagenode. The chromatin was taken from leukemia cell line, which was the 
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closest found to human CD4+ cell. Chromatin from one million cells were measured 
each second ChIP run throughout the measurement of the different cohorts. 
 
2.12. Selection of different study groups. 
 
2.12.1. Validation study group. 
For the validation of the ChIP 10 healthy adults were recruited. Persons with allergies 
and other chronic diseases were excluded from the study population. This study was 
approved by the ethics committee in the medical faculty in Philipps-University 
Marburg. 
 
2.12.2. Folic acid study group. 
The study population included 23 neonates selected from a larger prospective birth 
cohort comprising 628 mother-infant pairs recruited through the allergy research clinic 
in the Princess Margaret Hospital for Children (Dunstan et al. 2012). Mothers were 
recruited during the last trimester (>=28 weeks) of pregnancy at which time maternal 
blood samples were collected, and cord blood samples were subsequently collected at 
the time of birth. Peripheral blood mononuclear cells were harvested from blood 
samples within 12 hours of collection according to standard protocols (Martino et al. 
2011). Serum folate measurements were available for maternal (n=435) and cord 
(n=285) blood.  Extensive clinical and dietary data collected through the semi-
quantitative food frequency questionnaire and information on maternal socio-
demographic factors were also available.  
The sample population was selected based on the following criteria: For the purposes of 
this study we excluded any infants that developed subsequent allergic disease, in order 
to reduce potential biases in gene expression that may be associated with the 
development of later disease. Infants were defined as ‘non-atopic’ based on clinical 
assessment and skin prick allergy test (SPT) to a range of inhalant and dietary allergens, 
availability of matched maternal and cord blood samples. Infants who developed 
positive SPT or clinical disease in the first 5 years of age were excluded.  The high (HF) 
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and low folate (LF) groups were defined according to the first and third quartiles from 
the distribution of maternal serum folate levels in conventional extremes of exposure 
design. All study procedures were carried out in accordance with full institutional 
ethics. 
 
2.12.3. Fish oil study group. 
Ninety-eight pregnant, atopic women booked for delivery at St John of God Hospital, 
Subiaco, Western Australia, between January 1999 and September 2001 were recruited 
into the study because their offspring were considered to be at high risk of allergic 
disease. All women had a history of physician-diagnosed allergic rhinitis and/or asthma 
and 1 or more positive skin prick tests to common allergens (house dust mite; grass 
pollens; molds; and cat, dog, and cockroach extracts; Hollister-Stier Laboratories, 
Spokane, Wash). Women were ineligible for the study if they smoked; if they had other 
medical problems, complicated pregnancies, or seafood allergy; or if their normal 
dietary intake exceeded 2 meals of fish per week. At 20 and 30 weeks’ gestation, the 
women completed a validated, semi quantitative food frequency questionnaire, which 
was used to identify any background dietary change in fish consumption in each group. 
Pregnancy outcomes were assessed using data from all participants. The trial protocol 
was approved by the Ethics Committees at St John of God Hospital and Princess 
Margaret Hospital, and all women gave informed consent. The groups were block-
randomized according to parity (no previous term childbirth versus 1 or more), pre 
pregnancy body mass index (BMI), age, and maternal allergy (allergic rhinitis or 
asthma). Women in the fish oil group received 4 (1-g) fish oil capsules per day (Ocean 
Nutrition, Halifax, Nova Scotia, Canada) comprising a total of 3.7 g of n-3 PUFAs with 
56.0% as docosahexaenoic acid (DHA) and 27.7% as eicosapentaenoic acid (EPA) 
(confirmed by gas chromatography). The control group received 4 (1-g) capsules of 
olive oil per day (containing 66.6% n-9 oleic acid and <1% n-3 PUFAs; Pan 
Laboratories, Moorebank, NSW, Australia). From those who completed the study, 70 
neonates were picked, 34 in the placebo group and 36 in the fish oil group (D'Vaz et al. 
2012c). 
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2.12.4. Children asthma study group. 
This study was carried on a sub-population from the CLARA study.  From that study, 
peripheral blood (n= 230) was sampled from children age 4 to 15 years in the CLARA 
study, Munich, Germany. Enrollment occurred from January 2009 and is still ongoing. 
Parents were approached for consent and completed a detailed questionnaire that 
assessed infant data. 
Upon enrollment, all asthmatic children underwent full clinical examination, pulmonary 
function test, chest radiograph and blood count. In addition, total and specific IgE 
(RAST) was measured. A positive specific IgE was defined as one or more positive 
reactions [≥0.35 IU/ml] to a panel of 20 common allergens (Mediwiss Analytic, Moers, 
Germany; for allergen details see 2.2.1.1). Reversible airway obstruction was defined as 
significant difference of the forced expiratory volume in one second before and after 
inhalation of the short-acting β2-adrenergic receptor agonist salbutamol (∆FEV1), 
analogous to ATS/ERS criteria(Beydon et al. 2007; Bisgaard and Nielsen 2005; Crapo 
et al. 2000)  
Inclusion criteria for asthmatic children comprised at least 3 attacks of obstructive 
bronchitis and/or a doctor´s diagnosis of recurrent episodes of obstructive bronchitis 
and/or a history of asthma medication and a typical lung function showing reversible 
pulmonary obstruction. Children were defined as asthmatics if they met the inclusion 
criteria for asthmatics and had a ∆FEV1 of higher than 10%. Allergic asthmatics (AA) 
were defined based on the criteria above and a positive (>0.35 IU/ml) specific allergic 
sensitization assessed by RAST test. The definition for healthy children (HC) was based 
on having no allergies and any chronic diseases. Children with other pulmonary, 
chronic or autoimmune diseases were excluded, similarly children with 
immunodeficiency and subjects taking steroids, antibiotics, probiotics or suffering from 
an infection within 14 days before blood withdrawal. From this cohort 28 sub-sample 
collective was collected to look at the epigenetic profile in a pure CD4+ cells and 
compare between healthy control children and allergic asthmatics. 
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2.13. Statistical Analysis 
If not otherwise stated, qualitative variables were compared by Pearson’s χ2 test. Partial 
pairwise relationships between two continuous parameters were analyzed using 
Spearman’s rank correlation coefficient. Direct comparisons of qualitative parameters 
between two groups were always conducted by multiple linear regression models 
including adjustment for potential confounders specific for the purposes of the relevant 
sub-studies belonging to this work, i.e. binarized folic acid or continuous vitamin D 
(folic acid/vitamin D part) or fish oil supplementation (fish oil part). Before entering 
any regression model, variables of distribution other than normal as estimated by 
Shapiro-Wilk test, which was characterized in all cases by a positive skewness, had it 
approximated to normality by square-root transformation. 
In the fish oil study, the potential predictive value of a certain locus histone acetylation 
for binary traits, such as the development of atopy or subsequent allergic diseases, was 
also tested but only if a significant association in initial analysis by multiple linear 
regression was observed (see respective parts of Results section). First, logistic 
regression models (with adjustment for fish oil supplementation) were developed 
providing odds ratio [95% confidence interval] as an output. Second, receiver operating 
characteristic (ROC) curves were created, in which the true positive rate (sensitivity) is 
plotted in function of the false positive rate (100-specificity) for different cut-off points. 
Each point on the ROC curve represents a sensitivity/specificity pair corresponding to a 
particular decision threshold. A test with perfect discrimination (no overlap in the two 
distributions) has a ROC curve that passes through the upper left corner (100% 
sensitivity, 100% specificity). Therefore the closer the ROC curve is to the upper left 
corner, the higher the overall accuracy of the test (Zweig and Campbell 1993). This 
analysis was accompanied by plotting the corresponding dot diagrams, in which the data 
of the groups negative and positive for the best cut-off point are displayed as dots on 
two vertical axes, and a horizontal line indicates the best cut-off point established based 
on ROC curve analysis. Such cut-off point corresponds to the best combination of 
sensitivity and specificity in ROC curve, i.e. the best separation (minimal collective 
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false negative and false positive results) between the two groups with respect to the 
binary parameter. 
A P-value of less than 0.05 was considered statistically significant. Analyses were 
performed using STATISTICA Version 10.0 software (StatSoft, Inc., Tulsa, OK, USA) 
or MedCalc Version 13 program (MedCalc Software bvba, Ostend, Belgium).
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3. Results 
 
3.1. Establishment and validation of a chromatin immunoprecipitation (ChIP) 
method for cohort studies. 
Chromatin immunoprecipitation (ChIP) is a method where an immunoprecipitation is 
done pulling down a specific protein that is linked to DNA in order to study DNA – 
Protein interactions. This method requires usually a high number of cells. Additionally, 
the method is relative sensible and results might vary depending on factors like buffer 
composition, shearing method, temperature and the analyzed cell subset.. The goal of 
this part of the study is to build a redundant method able to deliver repeatable and 
acceptable data/results in large number of samples (Human cohorts) using a relatively 
low number of cells. This part of the study was carried on using CD4+ cells as they are 
considered the primary vessel for the changes in allergic and immune diseases. 
 
3.2. Establishment of the chromatin immunoprecipitation protocol for human 
CD4+ cells. 
The method was established according to the protocol described previously. There were 
different critical points that were to be validated throughout the protocol. The validation 
was done to ensure a reliable measurement of the different histone modifications in 
cohort studies. The first important step is the crosslinking of the DNA and the histone. It 
is very important to set both the concentration of the fixative and the timing very 
accurately, as any changes in one or both of them may lead to over crosslinking 
rendering the de-crosslinking step impossible. Formaldehyde is considered one of the 
most stable corss-linkers with a short arm that binds the any protein directly adjacent to 
the DNA. Nevertheless, this binding if left unstopped can be irreversible. The optimal 
length for the chromatin is between 500 – 1000 bp for normal ChIP. Furthermore, 
sonication of chromatin to its proper size is critically important and sonication 
efficiency is influenced by several parameters like fixation of cells, SDS concentration 
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in the buffer and the sonication device. Additionally, sonication efficiency depends on 
the chromatin structure and it is known that the compact chromatin of the human CD4+ 
cells is relative sonication resistant. 
 
3.2.1.  Shearing of chromatin from human CD4+ needs high SDS 
concentrations in lysis buffer II and  long sonication times  
Before sonication CD4+ cells were fixed with 1% paraformaldehyde for 8 min at room 
temperature and lysed with two different lysis buffers before put in the sonicator. The 
first lysis buffer has the ability to destroy the cell membrane and keeps the nucleus 
intact.  The second lysis buffer had the ability to lysate the nucleus to reveal chromatin 
for sonication. The tip sonicator was used as the mainly used sonicator in different 
protocols. 
In figure 4.2.1.1, it shows how problematic the shearing can be without the proper 
conditions. Using low number of cycles (10 min) and low SDS concentration, resulted 
in no shearing at all using the tip sonicator (Figure 4.2.1.1.A) After changing the 
conditions using a tip sonicator the shearing efficiency improved but the nevertheless, it 
was not optimum (Figure 4.2.1.1.B). Changing the SDS concentration produced a huge 
change in the shearing efficiency. In figure 3.2.1.C, moving up from 0.1% SDS 
concentration in lane 3 toward 1% and 1.5% SDS concentration in lanes 2 and 1 
respectively, produced a fully functional shearing and an optimum shearing efficiency 
between 500 – 1000 bp for ChIP. 
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Figure 4.2.1. 1. Shearing Efficiency of human CD4+ cells. (A) sonication for 15 
minutes using the tip sonicator without protein digestion in lanes 1,2 and 3 with 0.1% 
SDS (B) sonication for different time points using tip sonicator in 4°C without protein 
digestion lane 1: 10 min, lane 2: 15 min, lane 3: 20 min, lane 4: 25 min, and lane 5: 30 
min with 0.1% SDS (C) Sonication with 30 min in tip sonicator using different SDS 
concentrations ranging from 0.1 – 1.5% SDS. Lane 1: 1.5% SDS, lane 2: 1% SDS and 
lane 3: 0.1% SDS.  
3.2.2. Chromatin from CD4+ T cells can reliable be sonicated with the 
Bioruptor Power up  
With the tip sonicator only one sample can be sonicated at the same time. Additionally, 
the samples have to be cooled during sonication to avoid overheating of the chromatin 
and protein denaturation. The tip sonicator is working without an integrated cooling 
device and the samples have to be cooled manually with an ice-bath. With the Bioruptor 
Power up device six samples can be processed at the same time and the samples are 
cooled down and maintained at 4°C during the sonication process with in an integrated 
water bath. A concentration of either 0.1% or 1% SDS was used with different cycle 
number ranging from 10 to 30 cycles. The optimal shearing conditions lays with 30 
cycles (30 on/ 30 off seconds) with the Bioruptor-Power up machine from Diagenode 
with a final concentration of 1 % SDS in the lysis buffer solution (Figure 4.2.2.1.A).  
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Figure 4.2.2.1.  Shearing Efficiency of human CD4+ cells. sonication for 30 cycles 
(30 sec on and 30 sec off for each cycle) using the bioruptor with protein digestion. All 
lanes represent a repeatable measurement to prove the repeatability of the machine. In 
lane one, Chromatin is shown without any shearing. Lane two, the chromatin was 
sonicated for 10 cycles with 1% SDS concentration in Lysis buffer II. Lane three, the 
chromatin the chromatin was sonicated for 20 cycles with 1% SDS concentration in 
Lysis buffer II. In lane four, the chromatin was sonicated for 30 cycles with 0.1% SDS 
concentration in Lysis buffer II. In lane five, the chromatin was sonicated for 30 cycles 
with 1% SDS concentration in Lysis buffer II 
 
3.3. Validation of the ChIP protocol. 
The validation of the method for cohort studies and large number of samples would 
follow. For the validation of the ChIP first the reference ranges for different gene loci 
were determined. Additionally, the specificity and sensitivity were measured by 
determining both - the inter- and intra-assay coefficient of variance.  
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3.3.1.  Measurement of the Reference Range, inter and intra-assay 
coefficient of variance 
The reference range for each locus measured was set for both H3 and H4 histones. The 
reference range was set after measuring 10 healthy controls and taking the upper and 
lower 95 % confidence interval for the measurement. These values represent the normal 
values that a healthy person should have for both H3 and H4 acetylation for different 
enrichment values for different gene promoters. Furthermore, both inter- and intra-assay 
coefficient of variance were measured to test both the specificity and sensitivity of the 
ChIP respectively. The inter-assay of variance is the variance when measuring the same 
sample many times in different runs, whereas the intra-assay coefficient of variance is 
variance when measuring the same sample many times in the same run. 
RPL32 was used as our positive control gene as it is a house keeping gene and should be 
expressed in all cells and in all conditions, thus the chromatin should be always open. 
On the other hand MS4A2 gene that encodes the FcεRIβ, which is not found on CD4+ 
cells, was used as our negative control. In this case the immunoprecipitation result 
should be negative for each sample measured. 
For each histone a reference range was set and measured for each gene as seen in 
(Table 4.3.1.1.). Moreover both inter- and intra – assay coefficient of variance were 
measured for both H3 and H4 histones which laid mostly below 10 % for most of the 
genes measured which is acceptable for genetic tests. For the positive control RPL32 the 
histone H3 acetylation reference range was 0.5 – 3 % and 0.12 – 3.70 % for acetylation 
at histone H4. The inter- and intra-assay coefficient of variance was 6.67% and 5.36% 
for histone H3 and 1.76% and 2.80% for histone H4. For IL4 the histone H3 acetylation 
reference range was 0.5 – 1.4 % and 0.92 – 4.7 % for acetylation at histone H4. The 
inter- and intra-assay coefficient of variance was 15.23% and 9.36% for histone H3 and 
0.001% and 7.36% for histone H4. For IL5 the histone H3 acetylation reference range 
was 0.001 – 0.93 % and 0.12 – 1.32 % for acetylation at histone H4. The inter- and 
intra-assay coefficient of variance was 0.001% and 0.001% for histone H3 and 0.001% 
and 0.001% for histone H4. Another Th2 gene was measured and validated, IL13 as a 
main modifier of the Th2 response. For IL13 the histone H3 acetylation reference range 
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was 0.2 – 0.84 % and 0.14 – 0.53 % for acetylation at histone H4. The inter- and intra-
assay coefficient of variance was 0.001% and 3.36% for histone H3 and 5.36% and 
5.89% for histone H4. GATA3 the main transcription factor for Th2 cells had a reference 
range of 0.001 – 1.9 % for H3 acetylation and 0.001 – 2.3 % for acetylation at histone 
H4. The inter- and intra-assay coefficient of variance was 2.65% and 4.65% for histone 
H3 and 4.78% and 5.78% for histone H4. On the other side TBX21, the main 
transcription factor for Th1 cells had a reference range of 0.001 – 2.36 % for H3 
acetylation and 0.001 – 1.98 % for acetylation at histone H4. The inter- and intra-assay 
coefficient of variance was 4.65% and 8.65% for histone H3 and 5.47% and 7.65% for 
histone H4. For the negative control gene MS4A2 there is no values shown as no 
enrichment at all at that gene is possible as it is not transcribed of even found in CD4+ 
cells. 
The only outlier was the intra – assay coefficient of variance for H3 histone acetylation 
for IL4 which lay by 15.23% which needed to be fine-tuned. The inter and intra-
coeffiecnt of variance should not exceed 10% in order to accept the measurement of 
each gene. 
    
Table 4.3.1. 1. Validation of ChIP method for human cohorts. In this table the reference 
ranges for both H3 and H4 acetylation for Th1, Th2, TH17 and Treg genes and positive 
and negative controls are shown as well as both inter- and intra-assay coefficient of 
variance concluding both specificity and accuracy of the measurement. n=10 healthy 
subjects.  
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3.3.2. Determination of the Lower Limit of the blank (LOB) 
Lower limit of the blank is the lowest measurable value when a sample without analyte 
(blank sample) is measured and it reflects the background. The LOB was measured 
using 5 blank samples and the enrichment for each gene was measured + 3 standard 
deviations. The LOB for most of the samples was below 0.001 % to the input control 
for both H3 and H4 acetylation. Some genes showed a stronger background with higher 
LOB e.g. IL13 with a 0.012 LOB for H3 histone and 0.014 LOB for H4 histone and 
FOXP3 with a 0.06 LOB for H3 histone (Table 4.3.2.1.). 
 
Table 4.3.2. 1. validation of ChIP method for human cohorts. In this table the lower 
limit of the blank for both H3 and H4 acetylation for all asthma related genes are 
shown. n=10 healthy subjects. 
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3.3.3. Determination of Lower Limit of Quantification (LOQ) 
The lower limit of quantification was set to be measured. Lower limit of quantification 
(LOQ) is the lowest number of cells needed in the ChIP protocol to deliver an 
acceptable reliable data. The normal starting number of cells used in any published 
protocol is about 5X106 cells. To validate the lowest number of cells was needed to 
deliver a reliable enrichment values. A dilution set starting with one million cells going 
to half million, one hundred thousand, 50 thousand down till ten thousand cells were 
prepared. The ChIP protocol was conducted as described earlier with one million, half a 
million, one hundred thousand, fifty thousand and ten thousand cells. Looking at 
examplatory genes like RPL32 and IL10, it is clear that going below 1X105 cells the 
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ChIP loses its sensitivity and no enrichment can be detected (Figure 4.3.3.1.). This 
result was repeated with all other loci measured losing enrichment measurement going 
below 1X105 cells. 
 
Figure 4.3.3. 1. validation of ChIP method for human cohorts. Lower Limit of 
Quantification (LOQ). Lower limit of quantification for both RPL32 as a positive 
control gene and IL10 as an examplatory gene  showing that below 1X105 cells. n=10 
healthy subjects. 
 
3.3.4. Repeated freezing and thawing has no significant effect upon 
enrichment values during ChIP. 
Repeatable freezing and thawing is known to have a destructive effect on proteins and 
thus might also have negative effects histone proteins linked to DNA.  As during 
epidemiological trial samples are routinely frozen the Freeze-Thawing effect was tested. 
In practice, the chromatin was frozen to -20°C and thawed twice. Afterwards, a 
comparison of the enrichment values for H3 and H4 histones at the RPL32 locus 
(positive control), the MS4A2 locus (negative control), IFNG locus (Th1), the IL4 locus 
(Th2) and IL10 locus (Treg) between freshly isolated and ChIPed chromatin and frozen 
and thawed chromatin was conducted. Enrichment values were slightly reduced at all 
tested loci. This reduction was not significant. (Figure 4.3.4.1.). 
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Figure 4.3.4. 1. validation of ChIP method for human cohorts. Effect of freezing and 
thawing. The chromatin was frozen and thawed twice and a comparison between freshly 
ChIPed and frozen-thawed ChIPed chromatin was done. (A) Histone H3 acetylation at 
the RPL32, MS4A2, IFNG, IL4 and IL10 gene loci. (B) Histone H4 acetylation at the 
RPL32, MS4A2, IFNG, IL4 and IL10 gene loci. n=10 healthy subjects.  
 
3.3.5. Room temperature can lead to decreased enrichment values during 
ChIP. 
In this validation step, the effect of room temperature was tested. The chromatin was 
left for 24 hours on room temperature to see if this may cause a degradation of the 
chromatin stability. A comparison between freshly isolated and ChIPed chromatin 
versus 24 hours room temperature left chromatin was done. There is a significant 
reduction in the enrichment percentage between the fresh chromatin and 24 h RT 
chromatin in both RPL32 and IL4 loci. This reduction was not seen in IL10 and other 
measured loci (Figure 4.3.5.1.). Nevertheless, a significant reduction in one of the loci 
is enough to prohibit working in RT for longer time intervals. 
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Figure 4.3.5. 1. validation of ChIP method for human cohorts. Temperature effect. 
The chromatin was left on room temperature (RT) for 24 hours and a comparison 
between fresh and 24 h left chromatin was done. H3: Histone H3, H4: Histone H4. ** 
P<0.01. (A) RPL32 promoter (positive control) for both acetylation on H3 and H4 
histones. (B) IL4 promoter for both acetylation on H3 and H4 histones (C) IFNG 
promoter for both acetylation on H3 and H4 histones (D) IL10 promoter for both 
acetylation on H3 and H4 histones (E) MS4A2 promoter (negative control) for both 
acetylation on H3 and H4 histones. n=10 healthy subjects. 
 
3.3.6. Sample for ChIP can be stored for at least 30 days at -80°C without 
significant changes of the measured enrichment values. 
Long time storage stability test was conducted by storing freshly isolated chromatin for 
either 7 days or 30 days by -80°C. Afterwards, the chromatin was ChIPed and a 
comparison was conducted with freshly isolated and ChIPed chromatin. RPL32, IL4, 
IFNG, IL10 and the negative control MS4A2 gene loci were analyzed. There was no 
difference in the enrichment percentage between the three time points in all the genes 
measured and tested (Figure 4.3.6.1). 
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Figure 4.3.6. 1. Validation of ChIP method for human cohorts. Long Storage 
stability test. Cells were ChIPed either freshly after isolation or after 7 days storage in -
80°C or 30 days storage in -80°C. (A) RPL32 promoter (positive control) for both 
acetylation on H3 and H4 histones. (B) IL4 promoter for both acetylation on H3 and H4 
histones (C) IFNG promoter for both acetylation on H3 and H4 histones (D) IL10 
promoter for both acetylation on H3 and H4 histones (F) MS4A2 promoter (negative 
control) for both acetylation on H3 and H4 histones. n=10 healthy subjects. 
 
3.4. The effect of folic acid levels during pregnancy on epigenetic modifications in 
cord blood CD4+ cells. 
Folate is an important methyl donor for the organism and folate levels can influence 
DNA methylation as well as histone methylation (Dobosy et al., 2008). Beside this also 
effects upon Histone acetylation have been described (reference, I think we have one in 
the manuscript). Folate is regularly taken by pregnant women to avoid neural tube 
defects in the unborn child. Nevertheless, it is discussed an excess of folate during 
pregnancy also increase the incidence of allergic disease in the offspring. To analyze the 
effect of high maternal folate levels upon allergic disease relevant epigenetic 
modifications like histone acetylation in CD4+ T cells in newborns a subgroup from an 
Australian cohort study was analyzed. Here, the folic acid status was measured in 
pregnant mothers and two groups were established using the first and third quartiles of 
the folic status levels. The sample population was selected based on the following 
criteria: For the purposes of this study we excluded any infants that developed 
subsequent allergic disease, in order to reduce potential biases in gene expression that 
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may be associated with the development of later disease. Infants were defined as ‘non-
atopic’ based on clinical assessment and skin prick allergy test (SPT) to a range of 
inhalant and dietary allergens, availability of matched maternal and cord blood samples. 
Infants who developed positive SPT or clinical disease in the first 5 years of age were 
excluded.  The high (HF) and low folate (LF) groups were defined according to the first 
and third quartiles from the distribution of maternal serum folate levels in conventional 
extremes of exposure design. All study procedures were carried out in accordance with 
full institutional ethics. 
 
3.4.1. Folic acid exposure during pregnancy increases histone acetylation 
at GATA3 and IL9 locus 
A set of Th1/Th2/Th17/Treg loci were analyzed on the level of both histone 3 and 
histone 4 acetylation. GATA3, IL4, IL5, IL9, IL13 and IRF1 were analyzed as Th2 
genes. IFNG, IL1B, TBX21 and TNF were analyzed as Th1 genes. IL10, FOXP3 were 
analyzed as the main Treg genes. Furthermore, IL17A and RORC were analyzed as 
Th17 genes. For the Th2 genes, there was a significant increase in the acetylation levels 
of GATA3 locus in both H3 (Figure 4.4.1.1.A) and H4 histone (Figure 4.4.1.2.A) in the 
high folate group in comparison to the low folate group. For the rest of the Th2 genes 
there was no differences between low and high folate group for both H3 (Figure 
4.4.1.1.B, C, E and F) and H4 acetylation (Figure 4.4.1.2.B, C, E and F). 
Furthermore, there was a significant increase in the histone acetylation at histone H4 at 
the IL9 locus (Figure 4.4.1.2.D) paralleled with an increase at the same locus at histone 
H3 (P=0.074) in the high folate group (Figure 4.4.1.1.D). On the other hand, there was 
a decrease in the histone acetylation at the histone H4 for the IFNG locus (P=0.086) in 
the high folate group in comparison with the low folate group (Figure 4.4.1.4.A). 
Moreover, there were no differences between low vs. high folate group for the Th1 
genes measured at histone H3 acetylation (Figure 4.4.1.3.). In addition to the Th1 and 
Th2 loci measured, Treg and Th17 major gene were analyzed. There was no significant 
difference between low vs. high folate group at histone H3 neither for IL10 (Figure 
4.4.1.5.A), FOXP3 (Figure 4.4.1.5.B) as the major Treg genes nor IL17A (Figure 
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4.4.1.5.C) and RORC (Figure 4.4.1.5.D). Concomitant with these results there was no 
significant difference between low vs. high folate group at histone H3 neither for IL10 
(Figure 4.4.1.6.A), FOXP3 (Figure 4.4.1.6.B) as the major Treg genes nor IL17A 
(Figure 4.4.1.6.C) and RORC (Figure 4.4.1.6.D). All the data is adjusted for vitamin D 
levels as it was the only confounder that was significantly different between the two 
groups (This study was conducted in collaboration with Susan L. Prescott and Manori 
Amarasekera). 
 
 
Figure 4.4.1. 1. Effect of folic acid status during pregnancy on histone H3 
acetylation at Th2 gene loci in CD4+ T cells from the newborns. (A) GATA3 the 
major transcription factor for Th2 genes showing a significant increase in histone 
acetylation at histone H3 in the high folate compared to the low folate. (B) IL4 gene 
showing no difference between the two groups. (C) IL5 gene showing no difference 
between the two groups. (D) IL9 gene showing a slight increase in the high group 
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compared to the low group (P=0.074). (E) IL13 locus showing no difference between 
the two groups. (F) IRF1 locus showing no difference between the two groups. * 
P<0.05, ** P<0.01 
 
Figure 4.4.1. 2. Effect of folic acid status during pregnancy on histone H4 
acetylation at Th2 gene loci in CD4+ T cells from the newborns. Different loci were 
analyzed comprising Th2 genes. (A) GATA3 the major transcription factor for Th2 
genes showing a significant increase in histone acetylation at histone H3 in the high 
folate compared to the low folate. (B) IL4 gene showing no difference between the two 
groups. (C) IL5 gene showing no difference between the two groups. (D) IL9 gene 
showing a significant increase in histone acetylation at histone H3 in the high folate 
compared to the low folate. (E) IL13 locus showing no difference between the two 
groups. (F) IRF1 locus showing no difference between the two groups. * P<0.05, ** 
P<0.01 
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Figure 4.4.1. 3. Effect of folic acid status during pregnancy on histone H3 
acetylation at Th1 gene loci in CD4+ T cells from the newborns. (A) IFNG the major 
Th1 cytokine gene showing no difference between low vs. high folate group. (B) TBX21 
the major transcription factor for Th1 cells showing no difference between low vs. high 
folate groups. (C) TNF gene showing no difference between the two groups. (D) IL1B 
gene showing no difference between the two groups. 
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Figure 4.4.1. 4. Effect of folic acid status during pregnancy on histone H4 
acetylation at Th1 gene loci in CD4+ T cells from the newborns. (A) IFNG the major 
Th1 cytokine gene showing a reduction in histone acetylation in the high folate group in 
comparison to the low folate group (P=0.086). (B) TBX21 the major transcription factor 
for Th1 cells showing no difference between low vs. high folate groups. (C) TNF gene 
showing no difference between the two groups. (D) IL1B gene showing no difference 
between the two groups. 
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Figure 4.4.1. 5. Effect of folic acid status during pregnancy on histone H3 
acetylation at Treg/Th17 gene loci in CD4+ T cells from the newborns. (A) IL10 
locus showing no difference between the low vs. high folate groups. (B) FOXP3 the 
major transcription factor for T-regulatory cells showing no difference between the two 
groups. (C) IL17A the major cytokine for Th17 cells showing no difference in histone 
acetylation between low vs. high folate group. (D) RORC the major transcription factor 
for Th17 cells showing no difference between the two groups. 
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Figure 4.4.1. 6. Effect of folic acid status during pregnancy on the effect of histone 
H4 acetylation at Treg/Th17 gene loci in CD4+ T cells from the newborns.. (A) IL10 
locus showing no difference between the low vs. high folate groups. (B) FOXP3 the 
major transcription factor for T-regulatory cells showing no difference between the two 
group. (C) IL17A the major cytokine for Th17 cells showing no difference in histone 
acetylation between low vs. high folate group. (D) RORC the major transcription factor 
for Th17 cells showing no difference between the two groups. 
 
3.4.2. Vitamin D exposure during pregnancy causes an increase in histone 
acetylation at GATA3 and IL9 loci in neonatal CD4+ cells 
Interestingly, it seems that folate and vitamin D levels are correlated with each other 
and women with a high folate level exhibit also a high vitamin D level (results are the 
courtesy of Manori Amarasekera). It is well know that the vitamin D receptor can 
interact with several chromatin modifying enzymes like histone acetyltransferases and 
histone deacetylases thus vitamin D levels might modulate histone acetylation (Fetahu 
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et al., 2014). For this reason the effects of vitamin D levels upon histone acetylation 
were analyzed.  The groups were divided according to their vitamin D level in mother 
serum and the results were adjusted for folic acid status in mothers as well (Results are 
courtesy of Manori Amarasekera). 
A set of Th1/Th2/Th17/Treg loci were analyzed on the level of both histone 3 and 
histone 4 acetylation. GATA3, IL4, IL5, IL9, IL13 and IRF1 were analyzed as Th2 
genes. IFNG, IL1B, TBX21 and TNF were analyzed as Th1 genes. IL10, FOXP3 were 
analyzed as the main Treg genes. Furthermore, IL17A and RORC were analyzed as 
Th17 genes. For the Th2 genes, there was a significant increase in the acetylation levels 
of GATA3 locus in both H3 (Figure 4.4.2.1.A) in the high vitamin D group in 
comparison to the low Vitamin D group. For the rest of the Th2 genes there was no 
differences between low and high folate group for both H3 (Figure 4.4.2.1.B, C, E and 
F) and H4 acetylation (Figure 4.4.2.2.B, C, E and F). Furthermore, there was a 
significant increase in the histone acetylation at histone H3 at the IL9 locus (Figure 
4.4.2.1.D) paralleled with a significant increase at the same locus at histone H4 in the 
high Vitamin D group (Figure 4.4.2.2.D). Moreover, there were no differences between 
low vs. high Vitamin D group for the Th1 genes measured at histone H3 acetylation 
(Figure 4.4.2.3.) and Histone H4 (Figure 4.4.2.4.). In addition to the Th1 and Th2 loci 
measured, Treg and Th17 major gene were analyzed. There was no significant 
difference between low vs. high folate group at histone H3 neither for IL10 (Figure 
4.4.2.5.A), FOXP3 (Figure 4.4.2.5.B) as the major Treg genes nor IL17A (Figure 
4.4.2.5.C) and RORC (Figure 4.4.2.5.D). Concomitant with these results there was no 
significant difference between low vs. high folate group at histone H3 neither for IL10 
(Figure 4.4.2.6.A), FOXP3 (Figure 4.4.2.6.B) as the major Treg genes nor IL17A 
(Figure 4.4.2.6.C) and RORC (Figure 4.4.2.6.D).  
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Figure 4.4.2. 1. Effect of Vitamin D status during pregnancy on histone H3 
acetylation at Th2 gene loci in CD4+ T cells from the newborns. (A) GATA3 the 
major transcription factor for Th2 genes showing a significant increase in histone 
acetylation at histone H3 in the high Vitamin D group compared to the low vitamin D 
group. (B) IL4 gene showing no difference between the two groups. (C) IL5 gene 
showing no difference between the two groups. (D) IL9 gene showing significant 
increase in histone acetylation at histone H3 in the high Vitamin D group compared to 
the low vitamin D group. (E) IL13 locus showing no difference between the two groups. 
(F) IRF1 locus showing no difference between the two groups. * P<0.05. 
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Figure 4.4.2. 2. Effect of Vitamin D status during pregnancy on histone H4 
acetylation at Th2 gene loci in CD4+ T cells from the newborns. (A) GATA3 the 
major transcription factor for Th2 genes showing no difference in histone acetylation at 
histone H3 in the high Vitamin D group compared to the low Vitamin D group. (B) IL4 
gene showing no difference between the two groups. (C) IL5 gene showing no 
difference between the two groups. (D) IL9 gene showing a significant increase in 
histone acetylation at histone H3 in the high Vitamin D group compared to the low 
Vitamin D group. (E) IL13 locus showing no difference between the two groups. (F) 
IRF1 locus showing no difference between the two groups. ** P<0.01. 
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Figure 4.4.2. 3. Effect of Vitamin D status during pregnancy on histone H3 
acetylation at Th1 gene loci in CD4+ T cells from the newborns. (A) IFNG the major 
Th1 cytokine gene showing no difference between low vs. high vitamin D group. (B) 
IL1B gene showing no difference between the two groups. (C) TNF gene showing no 
difference between the two groups.  
 
Figure 4.4.2. 4. Effect of Vitamin D status during pregnancy on histone H4 
acetylation at Th1 gene loci in CD4+ T cells from the newborns. (A) IFNG the major 
Th1 cytokine gene showing no difference between low vs. high Vitamin D group. (B) 
IL1B gene showing no difference between the two groups. (C) TNF gene showing no 
difference between the two groups. 
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Figure 4.4.2. 5. Effect of Vitamin D status during pregnancy on histone H3 
acetylation at Treg/Th17 gene loci in CD4+ T cells from the newborns. (A) IL10 
locus showing no difference between the low vs. high Vitamin D groups. (B) FOXP3 
the major transcription factor for T-regulatory cells showing no difference between the 
two groups. (C) IL17A the major cytokine for Th17 cells showing no difference in 
histone acetylation between low vs. high Vitamin D group. (D) RORC the major 
transcription factor for Th17 cells showing no difference between the two groups. 
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Figure 4.4.2. 6. Effect of Vitamin D status during pregnancy on histone H4 
acetylation at Treg/Th17 gene loci in CD4+ T cells from the newborns. (A) IL10 
locus showing no difference between the low vs. high Vitamin D groups. (B) FOXP3 
the major transcription factor for T-regulatory cells showing no difference between the 
two groups. (C) IL17A the major cytokine for Th17 cells showing no difference in 
histone acetylation between low vs. high Vitamin D group. (D) RORC the major 
transcription factor for Th17 cells showing no difference between the two groups. 
 
3.5. The effect of fish oil supplementation during pregnancy on the histone 
acetylation in cord blood CD4+ cells. 
In this cohort the effect of fish oil supplementation during pregnancy was studied. Fish 
oil is considered one of the first supplements prescribed for pregnant mothers during the 
whole period of pregnancy. Throughout a clinical study looking at the effect of fish oil 
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supplementation on asthma and allergy development later in life in the children, 
Prescott and colleagues showed that fish oil supplementation was able to reduce the risk 
of allergy and atopy (D'Vaz et al. 2012c; D'Vaz et al. 2012d). To illustrate the effect of 
fish oil supplementation, different epigenetic analyses were carried out and histone 
modifications/acetylation was carried out here in Marburg. For our analysis CD4+ cells 
were isolated from cord blood mononuclear cell (CBMCs) from newborns born to 
mothers either supplemented with fish oil or the olive oil as a placebo. CD4+ cells were 
selected as the major vehicle for any changes that is happened in the immune system 
related to allergic disease.  Different analyses were conducted for this study. 
In short, the groups were block-randomized according to parity (no previous term 
childbirth versus 1 or more), pre pregnancy body mass index (BMI), age, and maternal 
allergy (allergic rhinitis or asthma). Women in the fish oil group received 4 (1-g) fish 
oil capsules per day (Ocean Nutrition, Halifax, Nova Scotia, Canada) comprising a total 
of 3.7 g of n-3 PUFAs with 56.0% as docosahexaenoic acid (DHA) and 27.7% as 
eicosapentaenoic acid (EPA) (confirmed by gas chromatography). The control group 
received 4 (1-g) capsules of olive oil per day (containing 66.6% n-9 oleic acid and <1% 
n-3 PUFAs; Pan Laboratories, Moorebank, NSW, Australia). From those who 
completed the study, 70 neonates were picked, 34 in the placebo group and 36 in the 
fish oil group (D'Vaz et al. 2012c). 
 
3.5.1. Fish oil supplementation causes a decrease in histone acetylation on 
both histones H3 and H4 at IL13 and TBX21 loci 
For this analysis we looked at the histone acetylation at both histones H3 and H4. We 
looked at different Th1/Th2/Treg genes as well as the protein kinase zeta genes 
described in D’Vaz publication as a predictor of the development and severity of infant 
allergic disease (D'Vaz et al. 2012a). GATA3, IL4, IL5, IL9, IL13 and IRF1 were 
analyzed as Th2 genes. IFNG, IL1B, TBX21 and TNF were analyzed as Th1 genes. 
IL10, FOXP3 were analyzed as the main Treg genes.  
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The analysis of different Th2 loci showed no significant difference between the placebo 
and the fish oil supplemented group in different genes at both histone H3 (Figure 
4.5.1.1 A-C) and histone H4 (Figure 4.5.1.1. D-F) 
 
Figure 4.5.1. 1. Effect of fish oil supplementation on the histone acetylation in 
different Th2 genes at both H3 and H4 histones (A) GATA3 locus showed no 
difference in histone acetylation at histone H3 between placebo and fish oil groups. (B) 
IL4 locus showed no difference in histone acetylation at histone H3 between placebo 
and fish oil groups. (C) IL9 locus showed no difference in histone acetylation at histone 
H3 between placebo and fish oil groups. (D) GATA3 locus showed no difference in 
histone acetylation at histone H4 between placebo and fish oil groups. (E) IL4 locus 
showed no difference in histone acetylation at histone H4 between placebo and fish oil 
groups. (F) IL9 locus showed no difference in histone acetylation at histone H4 between 
placebo and fish oil groups. 
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Furthermore, the percent enrichment for Th2 gene loci there was a significant decrease 
in the histone acetylation at the IL13 locus on both H3 and H4 histones in the fish oil 
group compared to the placebo group (Figure 4.5.1.2.A, B). Furthermore, there was a 
significant decrease in TBX21 acetylation at histone H3 in fish oil group in comparison 
with the placebo group (Figure 4.5.1.2.A).  
 
Figure 4.5.1. 2. Effect of fish oil supplementation during pregnancy on histone 
acetylation at both histones (A) Histone acetylation at histone H3 for the following 
genes, TBX21, IL13, IL10 and IL5, showing a significant reduction at both TBX21 and 
IL13 acetylation in the fish group compared to placebo group. (B) Histone acetylation at 
histone H3 for the following genes, TBX21, IL13, IL10 and IL5, showing a significant 
reduction at IL13 acetylation in the fish group compared to placebo group. * P<0.05, ** 
P<0.01. 
In addition to the Th2 loci, Th1 genes were as well analyzed. Histone acetylation at both 
histone H3 and H4 showed no difference between placebo and fish oil supplemented 
group for IFNG (Figure 4.5.1.3.A, C) and IL10 genes (Figure 4.5.1.3.B, D) 
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Figure 4.5.1. 3. Effect of fish oil supplementation on the histone acetylation in 
different Th2 genes at both H3 and H4 histones (A) IFNG locus showed no 
difference in histone acetylation at histone H3 between placebo and fish oil groups. (B) 
IL10 locus showed no difference in histone acetylation at histone H3 between placebo 
and fish oil groups. (C) IFNG locus showed no difference in histone acetylation at 
histone H4 between placebo and fish oil groups. (D) IL10 locus showed no difference in 
histone acetylation at histone H4 between placebo and fish oil groups. 
Finally, FOXP3 the major transcription factor for T-regulatory cells was analyzed and 
there was no significant difference between placebo and fish oil group at both H3 and 
H4 histones. 
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Figure 4.5.1. 4. Effect of fish oil supplementation on the histone acetylation in 
different Th2 genes at both H3 and H4 histones (A) FOXP3 locus showed no 
difference in histone acetylation at histone H3 between placebo and fish oil groups. (B) 
FOXP3 locus showed no difference in histone acetylation at histone H4 between 
placebo and fish oil groups. 
 
Moreover, I looked at protein kinase zeta (PRKCz) to assess the effect and what D’Vaz 
saw in the same cohort earlier, where neonatal PRKCz expression determines the 
neonatal T-Cell cytokine phenotype and predicts the development and severity of infant 
allergic disease (D'Vaz et al. 2012b). PRKCz has 17 different transcripts encoding 
proteins. Among them many which are tissue specific like liver (Farese et al. 2014) or 
nervous system (Kwapis and Helmstetter 2014). These transcripts have distinct 
transcription starting sites. In CD4+ cells  
I looked at three different promoter regions of PRKCz. PRKCz has 27 different 
transcripts, which are differentially expressed in different tissues. At the PRKCz gene 
there is different transcription starting sites. It is not clear which transcript(s) is/are 
mainly expressed in CD4+ T cells thus three different regions covering the putative 
promoter regions of transcripts PRKCZ-001, 009 and 015, to see which are expressed in 
CD4+ cells (Figure 4.5.1.5.).   
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Figure 4.5.1.  5. Transcripts of Protein Kinase Zeta. Three different major 
transcription starting sites have been used in order to look at the right promoter region at 
the PRKCz expressed in CD4+ cells. PRKCz001 (PRKCz_1), PRKCz009 (PRKCz_2) 
and PRKCz015 (PRKCz_3) have been analyzed. 
In two out of three promoter regions there was a significant increase in the histone 
acetylation at histone H3 in the fish oil group compared to the placebo group.  
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Figure 4.5.1. 5. Histone acetylation at both histones H3 and H4 for different 
promoter regions at the protein kinase zeta (PRKCz) gene. There is a significant 
increase in the histone acetylation at both PRKCz_1 and _3 promoter in the fish oil 
group compared to the placebo group. * P<0.05 
 
3.5.2. PRKCz and TBX21 are correlated with disease development later in 
life 
An additional goal of this analysis was to see if there is a good predictor for allergic 
disease in later life using histone acetylation analysis at different allergy related loci in 
CD4+ T cells from cord blood of newborn children. For that I looked at different allergic 
parameters starting from skin prick test (SPT), wheezing, eczema until reaching asthma 
or even a more universal approach looking at any allergic disease at the age of 1 year 
old. First I looked if there was any correlation between SPT and histone acetylation. For 
this analysis I used both multiple-linear regression and logistic regression to look how 
the acetylation affects the disease and vice versa. In the linear regression there is a 
dependent variable (acetylation), independent variable, i.e. predictor (SPT) and, 
eventually, adjusting variable (fish oil). On the other hand logistic regression looks at 
the dependent variable as a binary (here SPT) and the predictor can be of any kind (here 
in my case acetylation). In my case, the interpretation is that the level of acetylation tells 
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us about the chance of having positive SPT at certain age. If OR is > 1.0, the increase of 
acetylation increases the chance for positive SPT. If OR is < 1, increasing acetylation 
decreases the chance of positive SPT. Moreover, if the 95% CI crosses 1.0, the result is 
not significant (it corresponds to the p-value). Furthermore the analysis looked at two 
different conditions. The crude condition without any adjustment to different variables 
and the adjusted condition using fish oil consumption during pregnancy as a 
confounding variable for the analysis.  
Looking the histone H3, there was a positive correlation between SPT and acetylation at 
the FOXP3 locus (Table 4.5.2.1.).  
Table 4.5.2. 1. Correlation analysis between skin prick test (SPT) and histone 
acetylation at histone H3. Histone H3 acetylation at the FOXP3-locus is positively 
correlated with SPT. 
 
 
If we looked at the histone H4 we can see a positive correlation as well between SPT 
and histone acetylation at the TBX21 and PRKCz_2 loci. 
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Table 4.5.2. 2. Correlation analysis between skin prick test (SPT) and histone 
acetylation at histone H4. Histone H4 acetylation at the TBX21- and PRKCz_2-locus 
are positively correlated with SPT. 
 
 
Furthermore, it was looked at the prognostic marks both the sensitivity and specificity 
of the histone acetylation and the prediction of the SPT in the significantly changed 
genes at both H3 and H4 histones. Generally, the receiver operatic characteristic curve 
ROC shows the possible combinations of sensitivity and specificity (actually 100-
specificity), i.e. certain value of the continuous parameter to become predictor (in this 
case acetylation). There is always one possible combination. 
The higher are both specificity and sensitivity at once for a certain cut-off, the better 
possible marker the analyzed continuous variable can be. Moreover, at the ROC: the 
further it is from the line dividing the square into two triangles (the closer to the shape 
of the upper-left triangle it is), the better. The p-value given is for the chance that the 
curve is different from the line dividing the square (i.e. that it is really moved toward 
upper left corner). The best cut-off criterion (the best predictive value, i.e. the best 
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combination of specificity and sensitivity is the one closest to the left upper corner of 
the square in ROC diagram. 
On the other hand the dot-plot shows how the exact values of our continuous parameter 
(acetylation) are distributed between those positive and negative for the binary trait to 
be predicted (SPT, asthma, etc.). The horizontal line shows the best criterion (cut-off for 
the continuous parameter) estimated by ROC, i.e. the one closest to the left upper 
corner. FOXP3 acetylation at histone H3 could predict positive SPT at children by age 6 
with a specificity of 60.5% and sensitivity of 70.6% (Figure 4.5.2.1.A). PRKCz 
acetylation at histone H4 could predict positive SPT at children by age 6 with a 
specificity of 53.5% and sensitivity of 82.4% (Figure 4.5.2.1.B). Moreover, TBX21 
acetylation at histone H4 could predict positive SPT at children by age 6 with a 
specificity of 83.7% and sensitivity of 47.1% (Figure 4.5.2.1.C). 
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Figure 4.5.2. 1. Dot plot and receiver operatic characteristic curve (ROC curve) 
looking at the sensitivity and specificity of the prognosis of skin prick test (SPT) 
using acetylation status for different allergy related genes. (A) Dot plot and ROC 
showing H3 acetylation at FOXP3 locus is correlated with SPT with a sensitivity of 
TBX21-H4_r 
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70.6% and specificity of 60.5% (B) Dot plot and ROC showing histone H4 acetylation 
at PRKCz_2 locus is correlated with SPT with a sensitivity of 82.4% and specificity of 
53.5% (C) Dot plot and ROC showing histone H4 acetylation at TBX21 locus is 
correlated with SPT with a sensitivity of 47.1% and specificity of 83.7%. 
Another disease status was investigated and the correlation between wheezing and 
histone acetylation was analyzed. At the level of acetylation at histone H3, a significant 
positive correlation between histone acetylation at the IL5 locus and wheezing 
paralleled with a trend of a positive correlation of TBX21 and PRKCz_3 and wheezing. 
Nevertheless, this was not significant (Table 4.5.2.3.). 
 
Table 4.5.2. 3. Correlation analysis between wheezing and histone acetylation at 
histone H3. There is a positive trend for a correlation between histone H3 acetylation at 
the TBX21- and PKC_2-locus with wheezing later in life. Nevertheless, this was not 
significant. On the other hand, histone H3 acetylation at the IL5-locus is highly 
positively correlated with wheezing development later in life. 
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At histone H4, the correlation between wheezing and acetylation status was positively 
significant at the IFNG locus and there was a trend toward a positive correlation at the 
PRKCz locus. 
Table 4.5.2. 4. Correlation analysis between wheezing and histone acetylation at 
histone H4. 
 
 
Furthermore, the sensitivity and specificity of the prediction of wheezing by histone H3 
and H4 acetylation for the significantly changed loci was analyzed. IL5 acetylation at 
histone H3 could predict positive wheezing at children by age 6 with a specificity of 
67.9% and sensitivity of 64.7% (Figure 3.5.2. 2. A). PRKCz acetylation at histone H4 
could predict positive wheezing at children by age 6 with a specificity of 90.6% and 
sensitivity of 35.3% (Figure 3.5.2. 3. B). 
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Figure 3.5.2. 4. Dot plot and receiver operatic characteristic curve (ROC curve) 
looking at the sensitivity and specificity of the prognosis of wheezing using 
acetylation status for different allergy related genes. (A) Dot plot and ROC showing 
that H3 histone acetylation at the IL5 locus is correlated with wheezing with a 
sensitivity of 64.7% and specificity of 67.9% (B) Dot plot and ROC showing that 
histone H4 acetylation at the IFNG locus is correlated with wheezing with a sensitivity 
of 35.3% and specificity of 90.6%. 
 
Afterwards, another allergic disease which is eczema was explored. This was done to 
widen the spectrum of the analysis and to cover all different aspects and parameters of 
allergic disease. The correlation between eczema at the age of 1 year and histone 
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acetylation of H3 and H4 histones was analyzed. There was no correlation between the 
analyzed loci and eczema neither at histone H3 (Table 4.5.2.5.) nor at histone H4 
(Table 4.5.2.6.). 
 
Table 4.5.2. 5. Correlation analysis between eczema and histone acetylation at 
histone H3. 
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Table 4.5.2. 6. Correlation analysis between eczema and histone acetylation at 
histone H4.  
 
 
Next the correlation between any kind of food allergy at one year of age and histone 
acetylation in the CD4+ cells from cord blood was analyzed. There was no correlation 
between the children having food allergy at 1 year old and histone acetylation status at 
birth, neither on histone H3 (Table 4.5.2.7.) nor histone H4 (Table 4.5.2.8.). 
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Table 4.5.2. 7. Correlation analysis between food allergy and histone acetylation at 
histone H3. 
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Table 4.5.2. 8. Correlation analysis between food allergy and histone acetylation at 
histone H4. 
 
 
Furthermore, the correlation between histone H3 and H4 acetylation and the 
development of asthma was investigated. First the correlation between having asthma 
later at life and histone acetylation at histone H3 in CD4+ cells from cord blood was 
explored. There was a tendency towards a positive correlation between IL13 and 
FOXP3 acetylation at birth with developing asthma later in life, nevertheless, this 
correlation remains insignificant (Table 4.5.2.9). On the other hand there was a high 
correlation between asthma status in children and histone acetylation at histone H4 at 
different genes. There was a correlation at IFNG locus (P= 0.066), PRKCz locus 
(P=0.0471) (Table 4.5.2.10).  
In addition to that the prognostic marks both the sensitivity and specificity of the 
histone acetylation and the prediction of the asthma in the significantly changed genes 
at both H3 and H4 histones were measured. Histone acetylation on histone H4 at IFNG 
locus could predict asthma incidence at children at the age of 1 year old with a 
specificity of 57.1% and sensitivity of 85.7% (Figure 4.5.2. 3. A). PRKCz_2 acetylation 
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at histone H4 could predict asthma incidence at children by age 6 with a specificity of 
87.3% and sensitivity of 42.9% (Figure 4.5.2. 3. B). The other promoter regions of the 
PRKCz (1 and 3) showed similar results with a specificity of 79.4% and 68.3% and a 
sensitivity of 57.1% and 71.4% respectively. 
 
Table 4.5.2. 9. Correlation analysis between asthma and histone acetylation at 
histone H3. Histone H3 acetylation at the IL13 and FOXP3- locus is positively 
correlated with asthma development but nonetheless, not significant. 
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Table 4.5.2. 10. Correlation analysis between asthma and histone acetylation at 
histone H4. H4 histone acetylation at the IFNG locus and at the PKC-z, and PRKCz_2- 
promoter regions are positively correlated with the development of asthma at 1 year of 
age. 
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Figure 4.5.2. 5. Dot plot and receiver operatic characteristic curve (ROC curve) 
looking at the sensitivity and specificity of the prognosis of asthma, using histone 
acetylation status for different allergy related genes. (A) Dot plot and ROC showing 
histone H4 acetylation at the IFNG  and its correlation with asthma with a sensitivity of 
85.7% and specificity of 57.1% (B) Dot plot and ROC showing PRKCz_1 locus at 
histone H4 correlation with asthma with a sensitivity of 42.9% and specificity of 87.3% 
(C) Dot plot and ROC showing PRKCz_2 locus at histone H4 correlation with asthma 
with a sensitivity of 57.1% and specificity of 79.4% (D) Dot plot and ROC showing 
PRKCz_3 locus at histone H4 positive correlation with asthma with a sensitivity of 
71.4% and specificity of 68.3%. 
 
Afterwards, the combination of any allergic disease and its correlation with histone 
acetylation was analyzed.. There was no correlation at all between having an allergic 
disease later in lifer and histone acetylation neither at histone H3 (Table 4.5.2.11), nor 
at histone H4 (Table 4.5.2.12). 
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Table 4.5.2. 11. Correlation analysis between having any allergic disease and 
histone acetylation at histone H3. 
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Table 4.5.2. 12. Correlation analysis between having any allergic disease and 
histone acetylation at histone H3. 
 
 
3.6. Histone acetylation is changed at several loci in healthy children compared to 
asthmatic children. 
To investigate if allergic disease like asthma correlates with differences in histone 
acetylation at allergy-relevant gene loci histone acetylation was analyzed in CD4+ T 
cells from healthy children and allergic asthmatic children. For that purpose, 28 subjects 
were picked (a subpopulation from The CLARA cohort) , 15 healthy and 13 allergic 
asthmatics.  
 
In short, upon enrollment, all asthmatic children underwent full clinical examination, 
pulmonary function test, chest radiograph and blood count. In addition, total and 
specific IgE (RAST) was measured. A positive specific IgE was defined as one or more 
positive reactions [≥0.35 IU/ml] to a panel of 20 common allergens (Mediwiss Analytic, 
Moers, Germany; for allergen details see 2.2.1.1). Inclusion criteria for asthmatic 
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children comprised at least 3 attacks of obstructive bronchitis and/or a doctor´s 
diagnosis of recurrent episodes of obstructive bronchitis and/or a history of asthma 
medication and a typical lung function showing reversible pulmonary obstruction. 
Children were defined as asthmatics if they met the inclusion criteria for asthmatics and 
had a ∆FEV1 of higher than 10%. Allergic asthmatics (AA) were defined based on the 
criteria above and a positive (>0.35 IU/ml) specific allergic sensitization assessed by 
RAST test. The definition for healthy children (HC) was based on having no allergies 
and any chronic diseases. Children with other pulmonary, chronic or autoimmune 
diseases were excluded, similarly children with immunodeficiency and subjects taking 
steroids, antibiotics, probiotics or suffering from an infection within 14 days before 
blood withdrawal (Raedler et al. 2015). From this cohort 28 sub-sample collective was 
collected to look at the epigenetic profile in a pure CD4+ cells and compare between 
healthy control children and allergic asthmatics. 
Histone acetylation at histones H3 and H4 was analyzed. Different Th1 (TBX21, IFNG, 
TNF and IL10) and Th2 (GATA3, IL4, IL5, IL9 and IL13) loci were measured. There 
was a significant increase in the acetylation status of the IL13 at both histones H3 
(Figure 4.6.1.A) and H4 (Figure 4.6.1.C) in the asthmatic children compared to the 
healthy controls. Acetylation of histone H3 at GATA3, IL4, IL5 and IL9 showed no 
differences between the healthy control (C) group and allergic asthmatic group (A) 
(Figure 4.6.1.A). Furthermore, none of the Th1 genes analyzed (IFNG, IL10, TNF, and 
TBX21) showed any difference between the healthy control group vs. the allergic 
asthmatic group (Figure 4.6.1.B). Investigating the acetylation status between the two 
analyzed group on histone H4, there was no changes in the acetylation status at all 
different Th2 loci (GATA3, IL4, IL5 and IL9) (Figure 4.6.1.C) as well as Th1 loci 
(IFNG, IL10, TNF and TBX21) (Figure 4.6.1.D) between the healthy control group 
compared to the allergic asthmatic group. 
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Figure 4.6. 1. A comparison between healthy control children (white bars) and 
allergic asthmatic children (black bars) on the basis of histone acetylation in 
peripheral CD4+ cells. (A) Acetylation at histone H3 for Th2 genes showing higher 
acetylation in the at the IL13 locus in the allergic asthmatic children compared to the 
healthy controls (B) Acetylation at histone H3 for Th1 genes showing no differences in 
relative enrichment between healthy controls and allergic asthmatics (C) Acetylation at 
histone H4 for Th2 genes showing higher acetylation in the at the IL13 locus in the 
allergic asthmatic children compared to the healthy controls (D) Acetylation at histone 
H3 for Th1 genes showing no differences in relative enrichment between healthy 
controls and allergic asthmatics. * P<0.05. 
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4. Discussion 
 
4.1. Epigenetic Mechanisms in allergic disease 
Epigenetic regulation is divided into different mechanisms affecting different parts of 
the transcription and translation machinary (Bégin and Nadeau 2014; Amarasekera et al. 
2014b; Lovinsky-Desir et al. 2014; Singh et al. 2014). The percent of methylation of a 
gene affects the accessibility of transcriptions factors to the gene and thus the 
transcription of the gene. Furthermore, another epigenetic mechanism plays a very 
important role in the repression or suppression of genes, which is micro RNAs 
(miRNA). MiRNA  is a small non-coding RNA molecule (containing about 22 
nucleotides) found in plants, animals, and some viruses, which functions in post-
transcriptional regulation of gene expression (Bartel 2009). MiRNAs regulate the 
translation of different genes mainly in a negative way. They cause the silencing of the 
gene-transcription as their main mechanism (Ariel and Upadhyay 2012; Tomankova et 
al. 2012). The third epigenetic mechanism is histone modifications. Histone 
modifications cover different modifications from histone methylation to histone 
acetylation and further to histone phosphorylation and ubiquitination. Each of these 
different histone modifications causes a different effect on the gene transcription. In 
general, all histone modifications happen on the lysine residue on the N-terminal tail of 
the histone protein, either on H2A, H2B, H3 or H4 histones (Wilkinson and Gozani 
2014). For instance, histone methylation at the lysine number 4 in histone H3 can cause 
gene activations, whereas the same methylation but on lysine number 9 on the same 
histone H3 can cause gene silencing (Benard et al. 2014). Furthermore, histone 
acetylation on different lysine residues on different histones can cause gene activation 
all the time (Barnes et al. 2005). These acetylated histones play a very important role in 
the development of a disease or the repression of it. In this study the focus was on 
histone acetylation as a major epigenetic modification causing alteration in allergic 
development and progression.  
 
4.2. Effect of environmental factors on allergy pathophysiology 
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Allergy is a hypersensitivity disorder of the immune system. Its Symptoms include red 
eyes, itchiness, and runny nose, eczema, hives, or an asthma attack. Allergies can play a 
major role in conditions such as asthma. Allergic Asthma is a medical condition that 
causes narrowing of the small airways in the lungs. Typically, asthma patients develop 
wheezing and have increased mucous production in their lungs and they can have 
episodes of increased shortness of breath, often triggered by allergic reactions. Allergic 
asthma is a disease of chronic inflammation and hyperresponsiveness that affects the 
airways but not the alveoli or the parenchyma of the lung itself (Pavord and Wardlaw 
2010)  
There has been a drastic increase in the prevalence of asthma and allergic disease in the 
past two decades, especially in the western countries (Braman 2006). There are many 
factors that affect the prevalence of asthma.  
The hygiene hypothesis attributes this increase in prevalence to environmental factors, 
namely the decrease in exposure to microbial compounds and or infectious diseases 
(Mutius 2007; Czeresnia 2005). Supporting this, epidemiological studies have shown 
that various immunological and autoimmune diseases are much less common in the 
developing world than the industrialized world and people emigrating from developing 
to industrialized countries increasingly develop immunological disorders in relation to 
the length of time since the immigration (Gibson et al., 2003).  
There are many factors that affect the hygiene hypothesis and their major mechanism of 
action is through epigenetic regulation of different genes and factors (Lo and Zhou). 
 
 
4.3. Establishment and validation of chromatin immunoprecipitation (ChIP) 
protocol 
4.3.1. Establishment of the ChIP protocol 
The chromatin immunoprecipitation (ChIP) protocol was adapted from different 
published data (Collas; Hezroni et al. 2011; Strenkert et al. 2011) and adjusted to be 
suitable for human CD4+ cells as the main vessel for alteration in allergic diseases.  
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The choice of CD4+ cells instead of whole PBMCs was based on the vast number of 
publications and reviews that show that CD4+ cells are the most important cell type in 
the whole allergy and asthma pathogenesis and on that basis CD4+ cells were chosen for 
our study (Steinke and Lawrence 2014; Yamane and Paul 2013; Zhang et al. 2013). 
During Chromatin-Immunoprecipitation there are several critical steps like cross-
linking of DNA and protein (fixation) and shearing of the chromatin. It is known that 
shearing efficiency is depending on fixation, SDS concentration in the used buffer, the 
cell/tissue type and the used sonication device. From the literature it was already known 
that CD4+ T cells are relative sonication resistant due to the compact chromatin 
structure. First a tip sonicator was tested for shearing and the chromatin was 
successfully sheared after 30 cycles with a 1% SDS concentration in the lysis buffer II.   
Other sonication times or SDS concentrations were not applicable or functional for a 
sufficient CD4+ shearing. The use of the bioruptor was chosen to minimize handling 
mistakes that was found in the tip-sonicator, to sonicate up to 6 samples at once and to 
have a consistent sonication result, which was not the case by the tip-sonicator.  
4.3.2. Validation of the ChIP protocol 
After establishment of the protocol a validation of the protocol was performed. A six 
step validation protocol was set and conducted on human samples. The first step in the 
validation was to set a reference range for all different genes that were measured in the 
ChIP protocol. 14 different Th1, Th2, Th17 and Treg genes were picked and promoter 
primers were designed and validated. The reference range was set for both Histone H3 
and H4 acetylation ChIP. The reference range was set using the lower and upper 95% Cl 
of the geometrical mean of each gene after ChIPing and measuring the percent 
enrichment of 10 different healthy adults for each of the established gene assays. The 
reference range represents the normal range that the enrichment of each gene should lay 
within. If the enrichment percentage goes beyond of this range either in a positive or 
negative way, this represents pathological conditions that represent the progression of a 
certain disease. The reference range represents the normal enrichment values that are 
connected with CD4+ cells on both histones H3 and H4. 
4.3.2.1. Reference Range and Lower Limit of the Blank 
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Beside the reference range, the lower limit of the blank (LOB) was also measured. The 
LOB represents the lowest measurable value after measuring 5 blank samples ± 2 SD. 
The LOB should be zero in the optimal case and as close to zero as possible in practice. 
Once the LOB shifts from zero away, this means that the background measurement of 
the whole test is as high as the LOB which may give a false positive or false negative. 
In this ChIP method, the LOB for most of the measured genes was below 0.001 and 
only for some loci like IL-10 it was up as 0.01% enrichment. Beyond these values, no 
enrichment of acetylated histones at the analyzed loci is possible. This shows that the 
method, yield a very faint background that can be neglected in the real measurements.  
4.3.2.2. Lower Limit of Quantification 
Furthermore, another parameter was measured and set in the process of validation, 
which is the lower limit of quantification (LOQ). The LOQ is the lowest number of 
cells or quantity of an analyte which can be analyzed with a certain method which will 
still produce reliable data. Usually for ChIP are needed around 2 million cells even if 
ChIP with lower cell numbers has been described as in µChIP (Collas). In the context of 
the ChIP validation the number of cells was reduced to 1X105 without affecting the 
enrichment values significantly. Lower cell numbers lead to severely reduced 
enrichment values at all analyzed loci (figure 3.3.31). Nevertheless, with the validated 
ChIP protocol with cell numbers of 1x105 cells. This cell number can be isolated from 
0.2 ml of blood making this method suitable for studies were only small amounts of 
blood are available e.g. studies with children.  
4.3.2.3. Temperature effect and longtime stability 
In addition to what was done, two very important steps were under investigation, the 
effect of temperature and the long time storage stability. 
Chromatin immunoprecipitation can be temperature sensitive as the histones can be 
degraded or the epitope recognized by the antibody can be denatured if the sample is 
exposed to higher temperature – like room temperature – for longer time periods. For 
this reason many of the steps are carried out either in 4°C room or on ice. Nevertheless, 
during collection of sample within a cohort study it might happen that samples are not 
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immediately frozen.  To analyze if this can interfere with the obtained results the 
chromatin was left for 24 hours on room temperature to see whether incubation of the 
chromatin on room temperature alone for a longer time can cause any effect or 
degradation of the histone marks. It was obvious that histone modifications are 
significantly affected by room temperature as seen in figure 3.3.5.1. There was a 
significant decrease in enrichment values for different loci tested. Among them IL4 and 
IL10 that lost significant enrichment values on the acetylation histone after left on room 
temperature for some time. This effect is likely due to the degradation of the whole 
chromatin structure and the modifications that can happen to the binding sites of the 
antibodies. It is unlikely that the effect is due to the degradation of the DNA itself as the 
DNA is relatively stable for very long time even in room temperature. Due to the 
observed changes to the final readout of the enrichment percentage chromatin 
immunoprecipitation should be carried out directly after isolation of the cells or thawing 
of the cells and possibly on ice and in cool place. 
On the other hand, the cells lost some of their enrichment values after freezing and 
thawing. This was consistent to all gene loci analyzed. This effect does not seem to 
affect the final result as the cells will be received either frozen or fresh from the clinics 
and donors. 
As samples for cohort studies are often frozen in RPMI media containing DMSO and 
stored at -80°C (or liquid nitrogen) before analysis is taking place. To test whether long 
storage conditions can have influences different epigenetic modifications like histone 
acetylation cells were frozen in FCS and 10% DMSO and stored for 7 and 30 days in -
80°C condition and a comparison was done with freshly isolated chromatin from the 
same donors. As shown in figure 3.3.6.1., there was no difference between the freshly 
ChIPed and the stored chromatin for both time points, 7 and 30 days. The changes in the 
enrichment percentage were minimal as seen for IL4 or IFNG but no significance was 
reached. It was obvious that longer storage of intact cell, which is the main player for a 
successful ChIP, does not have any effect on different epigenetic modifications 
including the histone marks. This can be true for longer time points beyond 30 days but 
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a comparison between freshly isolated and stored cells for longer time periods were not 
tested in this study 
For the final validation step, an internal standard to prove the stability and redundancy 
of our method was implemented. For this purpose a ready to ChIP chromatin from a 
leukemia cell-line, which is the closest relative of our main focus in this study, the 
CD4+ cells, was used as our internal standard. Each patch of this chromatin can be 
divided into 10 different aliquots which can be measured once and have its own range 
and measurement. Moreover, this chromatin is used every 5th or 6th runs to ensure that 
our method runs without any problems and complications.  
. 
4.4. Effect of Effect of Dietary factors status during pregnancy on histone 
acetylation in cord blood CD4+ cells 
After establishing and validating the ChIP method, samples from two different 
Australian cohort study were analyzed. 
4.4.1. Effect of folic acid status during pregnancy on histone acetylation in 
cord blood CD4+ cells 
The aim of this study was to analyze the role of gestational folate exposure on 
epigenetic marks at allergy-relevant gene loci in CD4+ T cells from the cord blood of 
neonates. 
Classical epigenetic studies in mice demonstrate the fetal epigenetic profile is 
particularly susceptible to environmental disruption (Gonda et al. 2012; Hollingsworth 
et al. 2008)  and there is accumulating evidence for this in humans {Hinz 2012 #173). 
In general, the effect of folate acid during pregnancy is still under a lot of discussion 
and debate. Folic acid is very important for the development of the neural tube and 
protection against neural tube defects that may arise from folic acid deficiency 
(Jagerstad 2012). On the other hand there is increasing evidence that excessive folic 
acid supplementation during pregnancy can promote other diseases in offspring. For 
example, excessive maternal folate supplementation causes glucose intolerance to 
insulin in mice male offspring (Huang et al. 2014). Furthermore, high supplementation 
of folic acid during pregnancy can cause some adverse effects and increases in the 
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severity of some diseases like bronchitis in infants (Veeranki et al. 2014). These effects 
does not stop within the small range but there has been increasing evidence that 
excessive folic acid supplementation during pregnancy can cause an increase in allergic 
diseases later in life in the offspring (Bekkers et al. 2012; Dunstan et al. 2012; Haberg et 
al. 2011; Hollingsworth et al. 2008). 
To analyze if gestational folate can modify epigenetic marks at allergy-relevant gene 
loci – which might promote the development of an allergy-prone immune phenotype 
later in life – CD4+ T cells were isolated from neonates born to mothers with either low 
or high serum folate concentrations and histone H3 and H4 acetylation was analyzed at 
Th1, Th2, Th17 and Treg specific gene loci. To focus on the effect of folate children 
which developed allergy at one year of age were excluded from the study population. 
Analysis of H3 and H4 acetylation in cord blood CD4+ T-cells revealed a significant 
association of high maternal serum folate levels and increased acetylation of H3 and H4 
histones at the GATA3 locus and H4 at the IL9 locus in the cord blood CD4+ cells. 
Additionally, there was a consistent tendency for increased acetylation of histone H3 at 
the IL9 locus although this did not reach full significance. Furthermore, we found a 
tendency for lower histone acetylation at the IFNG locus in the HF group compared to 
the LF group. IFNG is mainly produced by Th1 cells, and this locus is known to be 
hypoacetylated in Th2 cells (Fields et al. 2002). Collectively these findings suggest that 
exposure to high gestational folate is associated with more transcriptionally permissive 
chromatin at Th2 associated genes in CD4+ T-cells. The major questions that raises is, 
how does folate as a methyl donor and its main function is DNA methylation 
(Hollingsworth et al. 2008) affect histone acetylation? There are different possible 
mechanisms how a methyl donor like folate can cause histone modifications. For one 
thing, DNMT1 can cause hypermethylation at the E2F1 motif causing the deacetylation 
at histone H3 (Li et al. 2014). Furthermore histone deacetylation is linked with DNA 
methylation through methyl-CpG-binding protein MeCP2 using transcriptional-
repression domain (TRD) that can function at a distance in vitro and in vivo (Nan et al. 
1998; Wade et al. 1999). Moreover, DNA demethylase MBD2 is a candidate 
transcriptional activator. MBD2 is associated with histone deacetylase HADC1 through 
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MeCP2 as well. This association caused the inhibition histone acetylation completely 
(Ng et al. 1999; Zhang et al. 1999). It is obvious that DNA methylation is very tightly 
related with histone deacetylation through MeCP2 and MBD complex proteins with the 
major DNA methyltransferase DNMT1 and histone deacetylase HDAC1 and 2 (Fuks et 
al. 2000; Rountree et al. 2000) and this can be a very possible mechanism how folate 
can modify histones on the acetylation level through simple DNA methylation. 
Nevertheless, this should be investigated further to see if folate works through the same 
mechanisms or are there any other underlying mechanisms causing this effect. 
Looking at the other epigenetic modification that was measured for this cohort (Data are 
a courtesy of Dr. David Martino, Manori Amarasekera, and Prof. Susan L. Prescott), 
whole genome DNA methylation was measured and the focus was at the promoter 
region not the whole DNA body. 
DNA methylation in the promoter region did not appear to be associated with folate 
status for the limited number of loci tested. This was unexpected given the clear role of 
folic acid as a co-factor for the one-carbon metabolism.  One reason for this observation 
might be that the methylation assays in the current study were restricted to short 
(~300bp) regions in gene promoters. There is now a growing appreciation that DNA 
methylation in gene promoters tends to be more closely associated with the 
differentiation status of cells, whilst disease-linked loci are increasingly reported to 
occur within gene bodies (Xu et al. 2013) or localized around CpG islands (Irizarry et 
al. 2009). Nevertheless, ZFP57 was identified as a major loci affected by folate status in 
the high folate group (Amarasekera et al. 2014a). On the level of histone acetylation, 
different Th1, Th2, Th17 and Treg gene loci were analyzed. These findings both on the 
acetylation and methylation levels add new findings as well as new questions to the 
paradigm of the fetal epigenome and the influence of the environment in utero. Whether 
the effects of maternal folate supplementation on the fetal epigenome increase the risk 
of developing allergic diseases in later life remains to be elucidated.  
4.4.2. Effect of Vitamin D status during pregnancy on histone acetylation 
in cord blood CD4+ cells 
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During the analysis of the effects of folate it was found that women with a high folate 
level had also high levels of vitamin D while women with low folate levels tend to have 
low vitamin D levels. For this reason the analysis for the effect of folate on histone 
acetylation was adjusted to vitamin D.  As described previously vitamin D interacts 
with the epigenetic machinery and thus vitamin D might also influence histone 
acetylation in cord blood CD4+ cells. The analysis of histone H3 and H4 acetylation in 
the high vitamin D group versus the low vitamin D group revealed that - similar to the 
high folate group - the high vitamin D group exhibited increased acetylation at histone 
H3 at the GATA3 and IL9 loci and for the IL9 locus at histone H4. It seems that Th2 
genes are poised for transcription in CD4+ T cells from neonates due to high vitamin D 
levels (Sloka et al. 2011). The consequence of the higher histone acetylation at Th2 
gene loci could be a polarization into a Th2 direction which would make these children 
more likely to develop allergic diseases. Interestingly, it has been described that that 
vitamin D supplementation or high vitamin D status during pregnancy can cause a 
severer allergic and asthma conditions (Chen et al. 2014). Not only lung allergic disease 
was worsened but also the risk of infantile eczema was higher after supplementation 
with vitamin D during pregnancy (Miyake et al. 2014).   Nevertheless, the effect of 
vitamin D on asthma and allergy development is contradictory. Furthermore, low 
vitamin D during pregnancy can cause a worsening of the neonatal allergic disease 
through an induction of Th2 cells and eosinophils (Vasiliou et al. 2014). Moreover, in 
COPSAC birth control study among other studies, it was obvious that Cord blood 
25(OH)-Vitamin D deficiency is associated with increased risk of recurrent troublesome 
lung symptoms till age 7 years (Chawes et al. 2014; Rajabbik et al. 2014).  
Furthermore, multifunctional enhancers regulate VDR gene transcription, and 
1,25(OH)2D3 induce the accumulation of VDR and up-regulate histone H4 acetylation 
at conserved regions in the human VDR gene (Zella et al. 2010). Ligand-dependent 
HDAC-containing complex binds with relB promoter and VDR in dendritic cells (DC). 
Experimental evidence showed that HDAC3 is involved in negative regulation of relB 
in DC stimulated with LPS resulting in dissociation of VDR/HDAC3 from the relB 
promoter. This demonstrates the importance of vitamin D-mediated chromatin 
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remodeling in regulation of DC function (Dong et al. 2005). In addition to that, VDR 
inhibits NF-κB function through SIRT1 and 1,25D signaling, suggesting the role of 
1,25D-mediated deacetylation of NF-κB through its interaction with SIRT1 (Lavu et al. 
2008). This may have implications in epigenetic regulation of steroid resistance and 
inflammatory response in patients with asthma and COPD where vitamin D 
insufficiency/deficiency occurs. In addition, this may play a role in epigenetic changes 
associated with vitamin D insufficiency/deficiency in addition to high methyl donor diet 
and environmental effects in utero which would result in susceptibility to chronic lung 
diseases later in adult life. 
The mechanism by which vitamin D could modify histone acetylation is not completely 
clear. Vitamin D interacts with the vitamin D receptor which migrates toward the 
nucleus and interacts directly with the promoter region of the different genes (Fetahu et 
al. 2014). In addition to that, there is evidence that the vitamin D receptor due to the 
uptake of vitamin D activates different histone acetyltransferases and histone 
deacetylases (Karlic and Varga 2011), that can cause the previous investigated results 
(Sundar and Rahman 2011). Furthermore, vitamin D plays a very important role in the 
pathogenesis of many diseases. Hypermethylation of key placental genes involved in 
vitamin D metabolism suggests uncoupling of processes that may interfere with 
placentation and availability of vitamin D at the maternal-fetal interface (Anderson et al. 
2014). Which enzymes are activated in this process, and how does vitamin D affects 
exactly the epigenome of the fetus is still to be further deeply investigated. 
4.4.3. Effect of fish oil supplementation during pregnancy on different 
histone acetylation marks 
Another dietary factor which might influence of allergic disease is fish oil. In an 
Australian cohort pregnant women were either supplemented with fish oil or olive oil as 
a placebo according to Dunstan et.al (Dunstan et al. 2003). From these 98 mother/fetus 
pairs 70 samples were picked up representing 34 placebo supplemented mothers and 36 
fish oil supplemented mothers. From cord blood mononuclear cell fraction, CD4+ cells 
were isolated and then ChIPed for the main asthma and allergy associated genes (IL4, 
IL5, IL9, IL10, IL13, IFNG, TNF, IL17A, GATA3, TBX21, and FOXP3). Furthermore, 
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another candidate gene was picked and an assay for H3 and H4 acetylation was 
established according to an earlier observation by the group of Susan Prescott, that 
protein kinase czeta (PRKCz) can be a very important predictive factor by allergen 
prevention (Prescott et al. 2007). Fish oil proves once again that it can attenuate 
inflammatory process through ω-3 fatty acids contained in it. Fatty acids in general 
cause a general DNA hypermethylation which can regulate different genes including 
inflammatory cytokines and genes (Burdge and Lillycrop 2014). Whether histone 
acetylation is affected through the same mechanisms illustrated earlier is still to be 
revealed.  
Protein kinase c zeta is a member of the protein kinase and it plays an important role in 
many different functions in the human system. It plays an important role in the memory 
mechanisms (Volk et al. 2013) as well as its involvement in the regulation of cardiac 
glucose and long-chain fatty acid uptake (Habets et al. 2012). Recently, D'Vaz N et. al 
has shown that neonatal protein kinase zeta expression in T-cells can predict the 
development and severity of infant allergic disease (D'Vaz et al. 2012a). In this analysis 
there was a significant reduction in the relative enrichment of IL13 in both histones H3 
and H4 in the fish oil group compared to the placebo group. Furthermore, there was a 
reduction in the acetylation of TBX21 at histone H3 in the fish oil supplemented group 
compared to the placebo group. These findings correlate to what Dunstan et. al found in 
2003 in the cytokine analysis of the same cohort after stimulation with different stimuli. 
They found that in the fish oil supplemented group there was a reduction in the cytokine 
production on the level of IL13 as well as IFNG in comparison to the placebo group 
(Dunstan et al. 2012). There is more evidence showing that fish oil supplementation 
during pregnancy is associated with decreased mRNA levels of Th2-related molecules 
like IL4 and IL13 in the fetus and decreased maternal inflammatory cytokines. This 
effect can be TGFβ mediated (Krauss-Etschmann et al. 2008). 
Omega-3 (n-3) polyunsaturated fatty acids (n-3 PUFAs) the major component of fish oil 
has well documented anti-inflammatory properties, and consequently therapeutic 
potential in chronic inflammatory diseases. There is strong evidence indicates n-3 
PUFAs as beneficial as a dietary supplement in certain diseases such as rheumatoid 
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arthritis (Yates et al. 2014). Klemens and colleagues looked at five randomised 
controlled trials (n = 949). N-3 PUFA supplementation during pregnancy reduced 12-
month prevalence of positive egg SPT (two trials, 12/87 versus 32/100, OR 0.33, 95% 
CI 0.16, 0.70) and childhood asthma (two trials, 10/303 versus 17/179, OR 0.349, 95% 
CI 0.154, 0.788) and significantly reduced cord blood interleukin-13 levels (Klemens et 
al. 2011).  
Fish oil or its components of omega-3 fatty acids affect the inflammatory response by 
different ways. They can affect the COX and LOX pathways causing the induction of 
anti-inflammatory mediators as prostaglandin E3 (PEG3) (Wendell et al. 2015). 
Furthermore, omega-3 fatty acids causes a change in the production of leukotriene B4 
and B5 by stimulated neutrophils in patients with colorectal cancer causing a resolution 
of the inflammation (Sorensen et al. 2014). 
On the other hand, and in this study, fish oil supplementation caused a change in the 
epigenetic profile of the CD4+ cells. This change cannot be due to any of the earlier 
described mechanisms. There is new evidence that fish oil supplementation changes the 
epigenome on the level of DNA methylation (Amarasekera et al. 2015). More studies 
showed that fish oil and omega-3 supplementation causes a change in the methylation 
patterns at different loci suggesting an epigenetic mechanism for fish oil (Aslibekyan et 
al. 2014).  Furthermore, leptin promoter is hypoacetylation at histones H3 and H4 
paralleled with an increase in binding of histone deacetylases (HDACs) 1, 2 and 6 in the 
diet induced obese mice. These modifications may serve a feedback role to maintain 
leptin concentrations within a normal range. The regulation of leptin transcriptional 
expression by n-3 PUFAs is mediated, at least in part, by epigenetic targets, such as 
MBD2 and histone modifications (Shen et al. 2014).  
In addition to these findings PRKCz were acetylated at different promoter regions at 
histone H3. PRKCz was introduced by D’Vaz as a predictor of development and 
severity of infant allergic disease. Protein kinase C zeta (PRKCz) is a member of the 
protein kinase C family that controls the function of other proteins by phosphorylation 
of the serine or threonine residues in these proteins. PRKCz’s function in different 
physiological actions is not fully understood. It plays an important role in insulin-
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stimulated glucose transport. Inhibition of the PRKCz enzyme inhibits insulin-
stimulated glucose transport while activation of PRKCz increases glucose transport 
(Bandyopadhyay et al. 2002). In Allergy, the role of PRKCz is not well known. There 
are hints that protein kinase c zeta along with other members of the PKC family play a 
very important role in the inhibition of eosinophils migration to the lungs during asthma 
(Langlois et al. 2009). Moreover the inhibition of PRKCz caused drastic changes in the 
functions and effectiveness of the eosinophils (Kato et al. 2005b). On the other hand 
PRKCz affects neutrophils function as well by attenuating PMA-induced O(2)(-) 
generation by neutrophils (Kato et al. 2005a). 
For those 70 samples, all the clinical data were available including asthma prevalence, 
food allergy or even eczema and wheezing development by those children. For that 
matter a more complexed analysis was done using a linear-regression analysis looking 
at the correlation between the disease status later in life and the acetylation status of 
different allergy related loci. First I looked at the correlation between skin prick test 
(SPT) and the acetylation status at both H3 and H4 histones. We were able to identify 
three genes that were significantly positively correlated with the development of a 
positive skin prick test later in life. The first one was FOXP3, the major transcription 
factor for T-regulatory lymphocytes. This means there was a higher acetylation at the 
FOXP3 locus in the SPT positive group compared to the negative group. There are few 
publications about the effect of FOXP3 and its epigenetic modification on the 
development of SPT. FOXP3 expression is higher in children with a positive SPT 
against egg and milk (Sicherer et al. 2010). Whether this is a spontaneous effect by the 
induction of the allergic reaction or is it epigenetically predisposed is still to be cleared. 
Furthermore, we were able to see a significant higher enrichment at both PRKCz and 
TBX21acetylated loci with the incidence of SPT later in life. Nevertheless, this 
correlation was not able to prove any of these loci to be a good prognostic marker for 
skin prick test, as the correlation was not significant. Through this analysis, I was able 
to identify both H3 acetylation at the IL5 locus and H4 acetylation at the IFNG locus as 
good prognostic markers for wheezing in later life. It is known that IL5 is on the main 
cytokines playing a very important role in the pathology of asthma. IL5 is linked with 
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the exacerbation of wheezing in asthma and once a bacterial or viral infection is there 
(Choi et al. 2009; Kato et al. 2011). It seems that IL5 locus is acetylated and will be 
transcribed excessively once a viral or bacterial lung infection is existent (Kato et al. 
2011). On the other hand IFNG has been described to be produced as well in viral 
infections (Drysdale et al. 2012). Moreover, it is know that certain polymorphisms in 
the IFNG gene like the polymorphism of IFNG +874 T/A cause exacerbation of 
wheezing in asthmatic children (Nuolivirta et al. 2009). Concomitant with these 
findings it seems that acetylation at the IFNG promoter in cord blood CD4+ cells can be 
a good predictor of development of wheezing later in life. In the same context histone 
H4 acetylation at the IFNG locus was highly positively correlated with the development 
of asthma later in life. Nevertheless, this correlation is abolished when looking at food 
allergy, eczema or even in a more universal manner, at any allergic disease. 
4.5. A comparison analysis between healthy vs. allergic asthmatic children on the 
level of histone marks 
To investigate if an allergic disease like asthma is associated with changes in histone 
acetylation a sub-population from the CLARA study (Raedler D 2014). In this study 
230 children were recruited either suffering from allergic asthma or healthy controls. 
From those 230 a sub-group of 28 children was selected. In this sub-group were 15 
asthmatics vs. 13 healthy controls. CD4+ cells were isolated from children PBMCs 
either healthy controls or allergic asthmatics. The cells were then fixated with 
formaldehyde, sonicated with a Bioruptor for 30 cycles (30 sec on, 30 sec off, high 
power)  and ChIPed to measure histone acetylation on both histone H3 and H4. 
Analyzed were Th1 and Th2 gene loci for both H3 and H4 acetylation. For Th1 genes 
histone acetylation at the IFNG, IL10, TNF, and TBX21 were measured. No differences 
of the acetylation levels at H3 and H4 histones could be detected. Furthermore, we 
looked at the Th2 genes and for that regard we analyzed the histone acetylation marks 
for GATA3, IL4, IL5, IL9 and IL13 genes. There was no difference between healthy 
controls and allergic asthmatic children on the level of all Th2 genes except the IL13 
locus. IL13 is considered one the major Th2 cytokine genes and plays a very important 
role in the development of asthma and the pathogenesis of asthma (Corren 2013; Rayees 
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et al. 2014). Furthermore, IL13 gene is epigenetically regulated though HDACs and 
DNMTs (Su et al. 2008). DNA methylation may affect IL13 locus which may cause 
modification at airflow and airway reactivity (Patil et al. 2013).  Interestingly, the 
amplicon used in this study for analyzing the level of histone acetylation at the IL13 
promoter is spanning the IL13 SNP rs1881457. This SNP was previously associated 
with atopy and asthmatic symptoms (Beghé et al. 2010; Hagner et al. 2013).  For further 
studies, it would be interesting to investigate if this genotype influences histone 
acetylation at the IL13 promoter. Furthermore, more genes were analyzed for the same 
cohort (Courtesy of Diana Rädler PhD thesis). Nevertheless, a very interesting finding 
was seen looking at the Treg locus FOXP3. It was found that especially histone H3 
acetylation at this locus is increased in the group of asthmatic children compared to 
healthy controls. FOXP3 encodes the master transcription factor for the differentiation 
of Treg cells and the expression level of this gene is crucially connected to Treg cell 
numbers. It has been described that differentiation of Foxp3 Tregs is associated with 
strong increase of histone H3 acetylation but with only marginal effects on histone H4 
acetylation  at the FOXP3 locus (Floess et al. 2007), indicating a crucial link between 
histone H3 acetylation at the FOXP3 locus and Treg cells. If increased acetylation of 
histone H3 at the FOXP3 locus is promoting the differentiation of Treg cells, higher 
numbers of these cells would be expected in the asthmatic group. Higher numbers of 
Foxp3 positive Treg cells were indeed detected in the asthmatic group compared to the 
healthy control group (Raedler D 2014). These results are contradictory as there are 
different evidence and publications suggesting a lower number of T-regulatory cells in 
asthmatic children compared to the healthy control (Kawayama et al. 2013; 
Stelmaszczyk-Emmel et al. 2013). On the other hand there are other clinical data 
showing higher Treg numbers in the lungs of asthmatic children when compared to 
healthy controls (Sjåheim et al. 2013; Smyth 2010). It remains an open question what 
role does FOXP3+ T-cells have in asthma development. 
 
 
5. Conclusion and Summary 
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In this study chromatin immunoprecipitation was established for using the method in 
cohort studies were only small amount of cells are available and the samples are 
routinely frozen and stored at low temperature. Additionally, the method was validated 
for that purpose. This method was validated using different well known validation 
protocols. Three different cohorts were analyzed using this method with three different 
perspectives. 
In the first cohort, the effect of folate status during pregnancy upon acetylation of Th1, 
TH2, Treg and TH17 cell loci in cord blood CD4+ T cells was investigated. For that 
purpose the two extremes very low vs. very high folate levels in maternal blood were 
picked and both DNA methylation and histone acetylation were investigated.. GATA3 
and IL9 were significantly more acetylated at both histones H3 and H4 in the high folate 
group compared to the low folate group. This suggests that folate status during 
pregnancy can modify the epigenome toward a more Th2 phenotype supporting the 
development of allergic disease later in life. 
On the other hand, supplementation with fish oil during pregnancy showed adversary 
effects to what folate showed by causing the reduction in acetylation at the IL13 locus at 
both H3 and H4 histones. Parallel to that there was a reduction in the histone acetylation 
in H3 histone at the TBX21 locus. This proves to be consistent with the protein and 
mRNA data obtained from the same individual 11 years ago (Dunstan et al. 2003). Fish 
oil proves once again that it can attenuate inflammatory process through ω-3 fatty acids 
contained in it. Fatty acids in general cause a general DNA hypermethylation which can 
regulate different genes including inflammatory cytokines and genes (Burdge and 
Lillycrop 2014). Whether histone acetylation is affected through the same mechanisms 
illustrated earlier is still to be revealed.  
In the same fashion, a comparison between allergic asthmatics with healthy controls 
was explored. This picture looks more complex. It is not a single factor that causes these 
epigenetic modifications. Not all the allergy/asthma related genes were influenced in 
that scenario but there was susceptible gene, among them were IL13 and FOXP3 
(FOXP3 data are courtesy of Diana Raedler PhD thesis). Both were significantly more 
acetylated at histone H3 in asthmatic children in comparison with healthy controls. 
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Moreover, the acetylation at histone H4 for IL13 locus was as well increased in the 
asthmatic children compared to their fellow healthy controls. 
The effect of environmental factors on the development of allergic disease through the 
development and alteration of the human epigenome is now a major mechanism of 
disease development. How these effects and what are the most important marks are, is 
still an open question.  
There are still some open questions to be answered and they are of a great importance 
for future planning. 
1- Folate is considered a methyl donor and affects DNA methylation. In this study 
we have seen another effect of folate comprising histone acetylation as a key 
factor driving the Th2 machinery. How folate as a methyl donor does affect 
histone acetylation remains to be clarified. 
2- Fish oil with all the different ω-3 fatty acids is considered with different 
publications a protector against development of allergic disease. In this study we 
were able to show that fish oil supplementation is associated with histone 
acetylation and this was further correlated to allergic disease development later 
in life. The remaining question is how a fatty acid that is usually incorporated 
into cell membrane alters the epigenome of an individual causing the silencing 
or activation of certain genes.  
3- It has been shown by many investigators that epigenetic modifications work not 
lonely but are interlinked with each other. Several studies showed interacted 
mechanisms between different epigenetic modifications. It is very important to 
have more detailed studies to shed more light on that prospective to understand 
more the complexity of the human genome. 
At the end, in this study one small step toward a better understanding of our complexity 
has been made and how does a small part of the human epigenome work has been 
revealed.  
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5.1. Zusammenfassung 
In dieser Doktorarbeit wurde die Chromatin Immunoprecipitation zur Anwendung in 
Kohortstudien etabliert und validiert. Die für die Kohortstudien verwendeten Proben 
haben in der Regel eine geringe Zellzahl, die routinemäßig eingefroren und für längeren 
Zeitraum gelagert werden. 
Dieses Verfahren wurde mit verschiedenen bekannten Validierungsprotokollen 
validiert.  Anschließend wurden  mit Hilfe des Chromatin Immunoprecipitation drei 
verschiedene Kohorten an drei verschiedenen Perspektiven analysiert. 
In der ersten Kohorte wurde die Wirkung des mütterlichen Folsäure-Status während der 
Schwangerschaft bei der Acetylierung von TH1, TH2, Treg und TH17 Gen Loci im 
Nabelschnurblut von CD4+ T-Zellen untersucht. Dazu wird der  sehr niedrigen 
Folsäure-Status mit der sehr hohen Folsäurespiegeln im Blut der Mutter bezüglich der 
DNA-Methylierung und der Histon-Acetylierung verglichen und untersucht. GATA3 
und IL9 wurden an beiden Histonen H3 und H4 in der hoch Folsäuregruppe im 
Vergleich zur niedrig Folat-Gruppe deutlich mehr acetyliert. Dies bedeutet, dass der 
Folsäure-Status das Epigenom in Richtung Th2-Phänotyp während der Schwangerschaft 
verschieben und die Entwicklung der allergischen Erkrankungen später im Leben 
unterstützen könnte. 
Auf der anderen Seite, hat die Supplementierung mit Fischöl während der 
Schwangerschaft andere Wirkungen im Vergleich zu dieser aus Folat gezeigt. Im 
Gegensatz zur Placebo Gruppe wurde in der Fischöl Gruppe die  Acetylierung am IL13 
Locus sowohl auf H3 als auch auf H4-Histonen verringert. Parallel dazu, ist die Histon-
Acetylierung auf H3-Histon am TBX21 Locus in der Fischöl Gruppe auch gesunken.  
Dies erweist sich im Einklang mit den Protein und mRNA Daten aus den gleichen 
Probanden vor 11 Jahren (126). Diese Studie beweist nochmal dass die  
Entzündungsprozesse durch die im Fischöl enthaltenden ω-3 Fettsäuren zu dämpfen. 
Fettsäuren können in der Regel zu einer allgemeinen DNA-Hypermethylierung, 
einschließlich verschiedene inflammatorischen Zytokinen und Genen, durchführen 
(183). Ob Histonacetylierung durch die gleichen zuvor dargestellten Mechanismen 
reguliert wird, ist es noch enthüllen.  
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In gleicher Weise wurde ein Vergleich zwischen allergischem Asthmatiker und 
gesunden Kontrollen durchgeführt. Dieses Bild sieht komplexer aus. Es ist nicht nur ein 
einzelner Faktor sondern verschiedene Faktoren, die diese epigenetischen 
Modifikationen verursachen. Nicht alle Allergie / Asthma-Gene wurden in diesem 
Szenario beeinflusst. Es gab Gene, die anfällig sind. Unter  diesen waren IL13 und 
FOXP3 (FOXP3 Daten sind mit freundlicher Genehmigung aus der Dissertation von 
Diana Raedler). Beide wurden an Histon H3 in asthmatischen Kindern im Vergleich zu 
gesunden Kontrollen deutlich mehr acetyliert. Darüber hinaus war  die Acetylierung auf 
Histon H4 an der IL13 Locus auch in den asthmatischen Kindern im Vergleich zu ihren 
gesunden Kontrollen erhöht. 
Die durch die Umweltfaktoren veränderten menschlichen Epigenom ist ein 
Hauptmechanismus der allergischen Krankheitsentwicklung. 
Folsäure wird als Methyldonor betrachtet. Sie beeinflusst die DNA-Methylierung. In 
dieser Studie haben wir einen weiteren Effekt von Folsäure entdeckt. Es kann auch die 
Histonacetylierung als Schlüsselfaktor für den Antrieb des Th2 Phänotyps  beeinflussen. 
Wie dies Methyldonor Folat die Histonacetylierung beeinflusst und verändert ist noch 
zu klären. Darüber hinaus wird in dieser Studie gezeigt, dass die Fischöl-
Supplementierung mit der Histonacetylierung verbunden ist. Dies war mit den später im 
Leben entwickelten allergischen Krankheiten korreliert. Es bleibt nun die Frage zu 
klären, wie eine Fettsäure, die in der Regel in Zellmembranen eingebaut wurde, das 
Epigenom verändert. 
Hani Harb Discussion 
118 
 
6. References 
 
Akbarian S, Huang H (2009) Epigenetic Regulation in Human Brain—Focus on 
Histone Lysine Methylation. Biological Psychiatry 65(3):198–203. doi: 
10.1016/j.biopsych.2008.08.015 
AKHABIR L, SANDFORD AJ (2011) Genome-wide association studies for discovery 
of genes involved in asthma. Respirology 16(3):396–406. doi: 10.1111/j.1440-
1843.2011.01939.x 
Allan RS, Zueva E, Cammas F, Schreiber HA, Masson V, Belz GT, Roche D, Maison 
C, Quivy J, Almouzni G, Amigorena S (2012) An epigenetic silencing pathway 
controlling T helper 2 cell lineage commitment. Nature 487(7406):249–253. doi: 
10.1038/nature11173 
Amarasekera M, Martino D, Ashley S, Harb H, Kesper D, Strickland D, Saffery R, 
Prescott SL (2014a) Genome-wide DNA methylation profiling identifies a folate-
sensitive region of differential methylation upstream of ZFP57-imprinting regulator 
in humans. FASEB J. doi: 10.1096/fj.13-249029 
Amarasekera M, Martino D, Ashley S, Harb H, Kesper D, Strickland D, Saffery R, 
Prescott SL (2014b) Genome-wide DNA methylation profiling identifies a folate-
sensitive region of differential methylation upstream of ZFP57-imprinting regulator 
in humans. FASEB J. doi: 10.1096/fj.13-249029 
Amarasekera M, Noakes P, Strickland D, Saffery R, Martino DJ, Prescott SL (2015) 
Epigenome-wide analysis of neonatal CD4 + T-cell DNA methylation sites 
potentially affected by maternal fish oil supplementation. Epigenetics 9(12):1570–
1576. doi: 10.4161/15592294.2014.983366 
Anderson CM, Ralph JL, Johnson L, Scheett A, Wright ML, Taylor JY, Ohm JE, Uthus 
E (2014) First trimester vitamin D status and placental epigenomics in preeclampsia 
among Northern Plains primiparas. Life Sciences. doi: 10.1016/j.lfs.2014.07.012 
Araki Y, Fann M, Wersto R, Weng N (2008) Histone acetylation facilitates rapid and 
robust memory CD8 T cell response through differential expression of effector 
molecules (eomesodermin and its targets: perforin and granzyme B). J Immunol 
180(12):8102–8108 
Ariel D, Upadhyay D (2012) The role and regulation of microRNAs in asthma. Current 
Opinion in Allergy and Clinical Immunology 12(1):49–52. doi: 
10.1097/ACI.0b013e32834ecb7f 
Armbruster DA, Pry T (2008) Limit of blank, limit of detection and limit of 
quantitation. Clin Biochem Rev 29 Suppl 1:S49-52 
Aslibekyan S, Wiener HW, Havel PJ, Stanhope KL, O'Brien DM, Hopkins SE, Absher 
DM, Tiwari HK, Boyer BB (2014) DNA Methylation Patterns Are Associated with 
n-3 Fatty Acid Intake in Yup'ik People. Journal of Nutrition 144(4):425–430. doi: 
10.3945/jn.113.187203 
Ausió J (2015) The shades of gray of the chromatin fiber. BioEssays 37(1):46–51. doi: 
10.1002/bies.201400144 
Hani Harb Discussion 
119 
 
Bachman KE, Rountree MR, Baylin SB (2001) Dnmt3a and Dnmt3b are transcriptional 
repressors that exhibit unique localization properties to heterochromatin. J Biol 
Chem 276(34):32282–32287. doi: 10.1074/jbc.M104661200 
Baldo BA (2013) Adverse events to monoclonal antibodies used for cancer therapy: 
Focus on hypersensitivity responses. Oncoimmunology 2(10):e26333. doi: 
10.4161/onci.26333 
Bandyopadhyay G, Sajan MP, Kanoh Y, Standaert ML, Quon MJ, Lea-Currie R, Sen A, 
Farese RV (2002) PKC-zeta mediates insulin effects on glucose transport in 
cultured preadipocyte-derived human adipocytes. J Clin Endocrinol Metab 
87(2):716–723. doi: 10.1210/jcem.87.2.8252 
Bannister AJ, Kouzarides T (2011) Regulation of chromatin by histone modifications. 
Cell Res. 21(3):381–395. doi: 10.1038/cr.2011.22 
Barnes PJ (2008) Immunology of asthma and chronic obstructive pulmonary disease. 
Nat Rev Immunol 8(3):183–192. doi: 10.1038/nri2254 
Barnes PJ (2011) Pathophysiology of allergic inflammation. Immunological Reviews 
242(1):31–50. doi: 10.1111/j.1600-065X.2011.01020.x 
Barnes PJ, Adcock IM, Ito K (2005) Histone acetylation and deacetylation: importance 
in inflammatory lung diseases. Eur Respir J 25(3):552–563. doi: 
10.1183/09031936.05.00117504 
Bartel DP (2009) MicroRNAs: Target Recognition and Regulatory Functions. Cell 
136(2):215–233. doi: 10.1016/j.cell.2009.01.002 
Beghé B, Hall IP, Parker SG, Moffatt MF, Wardlaw A, Connolly MJ, Fabbri LM, Ruse 
C, Sayers I (2010) Polymorphisms in IL13 pathway genes in asthma and chronic 
obstructive pulmonary disease. Allergy 65(4):474–481. doi: 10.1111/j.1398-
9995.2009.02167.x 
Bégin P, Nadeau KC (2014) Epigenetic regulation of asthma and allergic disease. 
Allergy Asthma Clin Immunol 10(1):27. doi: 10.1186/1710-1492-10-27 
Bekkers MBM, Elstgeest LEM, Scholtens S, Haveman-Nies A, Jongste JC de, Kerkhof 
M, Koppelman GH, Gehring U, Smit HA, Wijga AH (2012) Maternal use of folic 
acid supplements during pregnancy, and childhood respiratory health and atopy. Eur 
Respir J 39(6):1468–1474. doi: 10.1183/09031936.00094511 
Benard A, Goossens-Beumer IJ, van Hoesel AQ, Graaf W de, Horati H, Putter H, 
Zeestraten ECM, van de Velde CJH, Kuppen PJK (2014) Histone trimethylation at 
H3K4, H3K9 and H4K20 correlates with patient survival and tumor recurrence in 
early-stage colon cancer. BMC Cancer 14(1):531. doi: 10.1186/1471-2407-14-531 
Beydon N, Davis SD, Lombardi E, Allen JL, Arets HGM, Aurora P, Bisgaard H, Davis 
GM, Ducharme FM, Eigen H, Gappa M, Gaultier C, Gustafsson PM, Hall GL, 
Hantos Z, Healy MJR, Jones MH, Klug B, Lodrup Carlsen KC, McKenzie SA, 
Marchal F, Mayer OH, Merkus PJFM, Morris MG, Oostveen E, Pillow JJ, Seddon 
PC, Silverman M, Sly PD, Stocks J, Tepper RS, Vilozni D, Wilson NM (2007) An 
official American Thoracic Society/European Respiratory Society statement: 
pulmonary function testing in preschool children. Am J Respir Crit Care Med 
175(12):1304–1345. doi: 10.1164/rccm.200605-642ST 
Hani Harb Discussion 
120 
 
Bi X (2014) Heterochromatin structure: Lessons from the budding yeast. IUBMB Life 
66(10):657–666. doi: 10.1002/iub.1322 
Bisgaard H, Nielsen KG (2005) Plethysmographic measurements of specific airway 
resistance in young children. Chest 128(1):355–362. doi: 10.1378/chest.128.1.355 
Bose M, Wu C, Pankow JS, Demerath EW, Bressler J, Fornage M, Grove ML, Mosley 
TH, Hicks C, North K, Kao W, Zhang Y, Boerwinkle E, Guan W (2014) Evaluation 
of microarray-based DNA methylation measurement using technical replicates: the 
Atherosclerosis Risk In Communities (ARIC) Study. BMC Bioinformatics 
15(1):312. doi: 10.1186/1471-2105-15-312 
Bosetti C, Gallus S, Peto R, Negri E, Talamini R, Tavani A, Franceschi S, La Vecchia C 
(2008) Tobacco smoking, smoking cessation, and cumulative risk of upper 
aerodigestive tract cancers. Am J Epidemiol 167(4):468–473. doi: 
10.1093/aje/kwm318 
Bradding P, Brightling C (2007) Mast cell infiltration of airway smooth muscle in 
asthma. Respir Med 101(5):1045; author reply 1046-7. doi: 
10.1016/j.rmed.2007.01.004 
Braman SS (2006) The global burden of asthma. Chest 130(1 Suppl):4S–12. doi: 
10.1378/chest.130.1_suppl.4S 
Brand S, Teich R, Dicke T, Harb H, Yildirim AÖ, Tost J, Schneider-Stock R, Waterland 
RA, Bauer U, Mutius E von, Garn H, Pfefferle PI, Renz H (2011) Epigenetic 
regulation in murine offspring as a novel mechanism for transmaternal asthma 
protection induced by microbes. Journal of Allergy and Clinical Immunology 
128(3):618-625.e7. doi: 10.1016/j.jaci.2011.04.035 
Bremer AA, Stanhope KL, Graham JL, Cummings BP, Ampah SB, Saville BR, Havel 
PJ (2013) Fish Oil Supplementation Ameliorates Fructose-Induced 
Hypertriglyceridemia and Insulin Resistance in Adult Male Rhesus Macaques. J 
Nutr. doi: 10.3945/jn.113.178061 
Brodie SA, Li G, El-Kommos A, Kang H, Ramalingam SS, Behera M, Gandhi K, 
Kowalski J, Sica GL, Khuri FR, Vertino PM, Brandes JC (2014) Class I HDACs 
Are Mediators of Smoke Carcinogen-Induced Stabilization of DNMT1 and Serve as 
Promising Targets for Chemoprevention of Lung Cancer. Cancer Prevention 
Research 7(3):351–361. doi: 10.1158/1940-6207.CAPR-13-0254 
Broide DH (2010) Allergic rhinitis: Pathophysiology. allergy asthma proc 31(5):370–
374. doi: 10.2500/aap.2010.31.3388 
Brough HA, Cousins DJ, Munteanu A, Wong YF, Sudra A, Makinson K, Stephens AC, 
Arno M, Ciortuz L, Lack G, Turcanu V (2014) IL-9 is a key component of memory 
TH cell peanut-specific responses from children with peanut allergy. Journal of 
Allergy and Clinical Immunology. doi: 10.1016/j.jaci.2014.06.032 
Bungum HF, Vestergaard C, Knudsen UB (2014) Endometriosis and type 1 
allergies/immediate type hypersensitivity: a systematic review. European Journal of 
Obstetrics & Gynecology and Reproductive Biology 179:209–215. doi: 
10.1016/j.ejogrb.2014.04.025 
Hani Harb Discussion 
121 
 
Burdge GC, Lillycrop KA (2014) Fatty acids and epigenetics. Current Opinion in 
Clinical Nutrition and Metabolic Care 17(2):156–161. doi: 
10.1097/MCO.0000000000000023 
Burstyn I, Boffetta P, Heederik D, Partanen T, Kromhout H, Svane O, Langård S, 
Frentzel-Beyme R, Kauppinen T, Stücker I, Shaham J, Ahrens W, Cenée S, Ferro 
G, Heikkilä P, Hooiveld M, Johansen C, Randem BG, Schill W (2003) Mortality 
from obstructive lung diseases and exposure to polycyclic aromatic hydrocarbons 
among asphalt workers. Am. J. Epidemiol. 158(5):468–478 
Chang Z, Zhou H, Liu Y (2014) Promoter methylation and polymorphism of E-cadherin 
gene may confer a risk to prostate cancer: a meta-analysis based on 22 studies. 
Tumor Biol. 35(10):10503–10513. doi: 10.1007/s13277-014-2323-0 
Chawes BL, Bønnelykke K, Jensen PF, Schoos AM, Heickendorff L, Bisgaard H, Lee 
YL (2014) Cord Blood 25(OH)-Vitamin D Deficiency and Childhood Asthma, 
Allergy and Eczema: The COPSAC2000 Birth Cohort Study. PLoS ONE 
9(6):e99856. doi: 10.1371/journal.pone.0099856 
Chen W, Hou X, Yang S, Yin X, Ren L (2014) Effect of vitamin D supplementation 
during pregnancy on the Th1/Th2 cell balance of rat offspring. Pharmazie 
69(5):385–390 
Choi IS, Byeon JH, Yoo Y, Lee KC, Choung JT (2009) Increased serum interleukin-5 
and vascular endothelial growth factor in children with acute mycoplasma 
pneumonia and wheeze. Pediatr. Pulmonol. 44(5):423–428. doi: 
10.1002/ppul.20961 
Chu HW, Martin RJ (2001) Are eosinophils still important in asthma? Clin. Exp. 
Allergy 31(4):525–528 
Cleverley K, Du X, Premecz S, Le K, Zeglinski M, Nicholson T, Goh CY, Lu Y, 
Anderson HD, Moghadasian MH, Jassal DS (2013) The effects of fish oil 
consumption on cardiovascular remodeling in ApoE deficient mice. Can. J. Physiol. 
Pharmacol. 91(11):960–965. doi: 10.1139/cjpp-2013-0077 
Collas P A Chromatin Immunoprecipitation Protocol for Small Cell Numbers, vol 791, 
pp 179–193 
Corren J (2013) Role of Interleukin-13 in Asthma. Curr Allergy Asthma Rep 
13(5):415–420. doi: 10.1007/s11882-013-0373-9 
Cox R (1986) Studies on DNA methyltransferase and alteration of the enzyme activity 
by chemical carcinogens. Toxicol Pathol 14(4):477–482 
Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, Irvin CG, MacIntyre 
NR, McKay RT, Wanger JS, Anderson SD, Cockcroft DW, Fish JE, Sterk PJ 
(2000) Guidelines for methacholine and exercise challenge testing-1999. This 
official statement of the American Thoracic Society was adopted by the ATS Board 
of Directors, July 1999. Am J Respir Crit Care Med 161(1):309–329. doi: 
10.1164/ajrccm.161.1.ats11-99 
Czeresnia D (2005) The hygienic hypothesis and transformations in etiological 
knowledge: from causal ontology to ontogenesis of the body. Cad Saude Publica 
21(4):1168–1176 
Hani Harb Discussion 
122 
 
Ding S, Fischer W, Kaparakis-Liaskos M, Liechti G, Merrell DS, Grant PA, Ferrero 
RL, Crowe SE, Haas R, Hatakeyama M, Goldberg JB, Ahmed N (2010) 
Helicobacter pylori-Induced Histone Modification, Associated Gene Expression in 
Gastric Epithelial Cells, and Its Implication in Pathogenesis. PLoS ONE 
5(4):e9875. doi: 10.1371/journal.pone.0009875 
Dolinoy DC (2008) The agouti mouse model: an epigenetic biosensor for nutritional 
and environmental alterations on the fetal epigenome. Nutrition Reviews 66:S7-
S11. doi: 10.1111/j.1753-4887.2008.00056.x 
Dong X, Lutz W, Schroeder TM, Bachman LA, Westendorf JJ, Kumar R, Griffin MD 
(2005) Regulation of relB in dendritic cells by means of modulated association of 
vitamin D receptor and histone deacetylase 3 with the promoter. Proc Natl Acad Sci 
U S A 102(44):16007–16012. doi: 10.1073/pnas.0506516102 
Drysdale SB, Milner AD, Greenough A (2012) Respiratory syncytial virus infection and 
chronic respiratory morbidity - is there a functional or genetic predisposition? Acta 
Paediatrica 101(11):1114–1120. doi: 10.1111/j.1651-2227.2012.02825.x 
Dunstan JA, Mori TA, Barden A, Beilin LJ, Taylor AL, Holt PG, Prescott SL (2003) 
Fish oil supplementation in pregnancy modifies neonatal allergen-specific immune 
responses and clinical outcomes in infants at high risk of atopy: a randomized, 
controlled trial. J Allergy Clin Immunol 112(6):1178–1184. doi: 
10.1016/j.jaci.2003.09.009 
Dunstan JA, West C, McCarthy S, Metcalfe J, Meldrum S, Oddy WH, Tulic MK, D'Vaz 
N, Prescott SL (2012) The relationship between maternal folate status in pregnancy, 
cord blood folate levels, and allergic outcomes in early childhood. Allergy 
67(1):50–57. doi: 10.1111/j.1398-9995.2011.02714.x 
D'Vaz N, Ma Y, Dunstan JA, Lee-Pullen TF, Hii C, Meldrum S, Zhang G, Metcalfe J, 
Ferrante A, Prescott SL (2012a) Neonatal protein kinase C zeta expression 
determines the neonatal T-Cell cytokine phenotype and predicts the development 
and severity of infant allergic disease. Allergy:n/a. doi: 10.1111/all.12027 
D'Vaz N, Ma Y, Dunstan JA, Lee-Pullen TF, Hii C, Meldrum S, Zhang G, Metcalfe J, 
Ferrante A, Prescott SL (2012b) Neonatal protein kinase C zeta expression 
determines the neonatal T-Cell cytokine phenotype and predicts the development 
and severity of infant allergic disease. Allergy:n/a. doi: 10.1111/all.12027 
D'Vaz N, Meldrum SJ, Dunstan JA, Lee-Pullen TF, Metcalfe J, Holt BJ, Serralha M, 
Tulic MK, Mori TA, Prescott SL (2012c) Fish oil supplementation in early infancy 
modulates developing infant immune responses. Clin Exp Allergy 42(8):1206–
1216. doi: 10.1111/j.1365-2222.2012.04031.x 
D'Vaz N, Meldrum SJ, Dunstan JA, Martino D, McCarthy S, Metcalfe J, Tulic MK, 
Mori TA, Prescott SL (2012d) Postnatal Fish Oil Supplementation in High-Risk 
Infants to Prevent Allergy: Randomized Controlled Trial. PEDIATRICS 
130(4):674–682. doi: 10.1542/peds.2011-3104 
Ege MJ, Mayer M, Normand A, Genuneit J, Cookson WO, Braun-Fahrländer C, 
Heederik D, Piarroux R, Mutius E von (2011) Exposure to Environmental 
Microorganisms and Childhood Asthma. N Engl J Med 364(8):701–709. doi: 
10.1056/NEJMoa1007302 
Hani Harb Discussion 
123 
 
Farese RV, Lee MC, Sajan MP (2014) Atypical PKC: a target for treating insulin-
resistant disorders of obesity, the metabolic syndrome and type 2 diabetes mellitus. 
Expert Opin Ther Targets 18(10):1163–1175. doi: 10.1517/14728222.2014.944897 
Fehri LF, Rechner C, Janssen S, Mak TN, Holland C, Bartfeld S, Bruggemann H, 
Meyer TF (2009) Helicobacter pylori-induced modification of the histone H3 
phosphorylation status in gastric epithelial cells reflects its impact on cell cycle 
regulation. Epigenetics 4(8):577–586 
Feng Y, Wang S, Chen R, Tong X, Wu Z, Mo X (2015) Maternal Folic Acid 
Supplementation and the Risk of Congenital Heart Defects in Offspring: A Meta-
Analysis of Epidemiological Observational Studies. Sci. Rep. 5:8506. doi: 
10.1038/srep08506 
Fetahu IS, HÃ¶baus J, KÃ¡llay E (2014) Vitamin D and the epigenome. Front. Physiol. 
5. doi: 10.3389/fphys.2014.00164 
Fields PE, Kim ST, Flavell RA (2002) Cutting edge: changes in histone acetylation at 
the IL-4 and IFN-gamma loci accompany Th1/Th2 differentiation. J. Immunol. 
169(2):647–650 
Floess S, Freyer J, Siewert C, Baron U, Olek S, Polansky J, Schlawe K, Chang H, Bopp 
T, Schmitt E, Klein-Hessling S, Serfling E, Hamann A, Huehn J (2007) Epigenetic 
control of the foxp3 locus in regulatory T cells. PLoS Biol 5(2):e38. doi: 
10.1371/journal.pbio.0050038 
Fujita N, Watanabe S, Ichimura T, Tsuruzoe S, Shinkai Y, Tachibana M, Chiba T, 
Nakao M (2003) Methyl-CpG Binding Domain 1 (MBD1) Interacts with the 
Suv39h1-HP1 Heterochromatic Complex for DNA Methylation-based 
Transcriptional Repression. Journal of Biological Chemistry 278(26):24132–24138. 
doi: 10.1074/jbc.M302283200 
Fuks F, Burgers WA, Brehm A, Hughes-Davies L, Kouzarides T (2000) DNA 
methyltransferase Dnmt1 associates with histone deacetylase activity. Nat Genet 
24(1):88–91. doi: 10.1038/71750 
Galli SJ, Kalesnikoff J, Grimbaldeston MA, Piliponsky AM, Williams CMM, Tsai M 
(2005) Mast cells as "tunable" effector and immunoregulatory cells: recent 
advances. Annu. Rev. Immunol. 23:749–786. doi: 
10.1146/annurev.immunol.21.120601.141025 
Gaudet F, Talbot D, Leonhardt H, Jaenisch R (1998) A short DNA methyltransferase 
isoform restores methylation in vivo. J Biol Chem 273(49):32725–32729 
Ghoshal K, Li X, Datta J, Bai S, Pogribny I, Pogribny M, Huang Y, Young D, Jacob ST 
(2006) A folate- and methyl-deficient diet alters the expression of DNA 
methyltransferases and methyl CpG binding proteins involved in epigenetic gene 
silencing in livers of F344 rats. J Nutr 136(6):1522–1527 
Gonda TA, Kim Y, Salas MC, Gamble MV, Shibata W, Muthupalani S, Sohn K, 
Abrams JA, Fox JG, Wang TC, Tycko B (2012) Folic Acid Increases Global DNA 
Methylation and Reduces Inflammation to Prevent Helicobacter-Associated Gastric 
Cancer in Mice. Gastroenterology 142(4):824-833.e7. doi: 
10.1053/j.gastro.2011.12.058 
Hani Harb Discussion 
124 
 
Graves M, Benton M, Lea R, Boyle M, Tajouri L, Macartney-Coxson D, Scott R, 
Lechner-Scott J (2013) Methylation differences at the HLA-DRB1 locus in CD4+ 
T-Cells are associated with multiple sclerosis. Mult Scler. doi: 
10.1177/1352458513516529 
Haberg SE, London SJ, Nafstad P, Nilsen RM, Ueland PM, Vollset SE, Nystad W 
(2011) Maternal folate levels in pregnancy and asthma in children at age 3 years. J 
Allergy Clin Immunol 127(1):262-4, 264.e1. doi: 10.1016/j.jaci.2010.10.004 
Habets DDJ, Luiken JJFP, Ouwens M, Coumans WA, Vergouwe M, Maarbjerg SJ, 
Leitges M, Bonen A, Richter EA, Glatz JFC (2012) Involvement of atypical protein 
kinase C in the regulation of cardiac glucose and long-chain fatty acid uptake. 
Front. Physio. 3. doi: 10.3389/fphys.2012.00361 
Hagner S, Harb H, Zhao M, Stein K, Holst O, Ege MJ, Mayer M, Matthes J, Bauer J, 
Mutius E von, Renz H, Heine H, Pfefferle PI, Garn H (2013) Farm-derived Gram-
positive bacterium Staphylococcus sciuri W620 prevents asthma phenotype in 
HDM- and OVA-exposed mice. Allergy 68(3):322–329. doi: 10.1111/all.12094 
Hagrass HA, Pasha HF, Ali AM (2014) Estrogen receptor alpha (ERα) promoter 
methylation status in tumor and serum DNA in Egyptian breast cancer patients. 
Gene 552(1):81–86. doi: 10.1016/j.gene.2014.09.016 
Hall BK (2004) In search of evolutionary developmental mechanisms: The 30-year gap 
between 1944 and 1974. J. Exp. Zool. 302(1):5–18. doi: 10.1002/jez.b.20002 
Hamid Q, Tulic M (2009) Immunobiology of Asthma. Annu. Rev. Physiol. 71(1):489–
507. doi: 10.1146/annurev.physiol.010908.163200 
Han S, Lu J, Zhang Y, Cheng C, Han L, Wang X, Li L, Liu C, Huang B (2006) 
Recruitment of histone deacetylase 4 by transcription factors represses interleukin-5 
transcription. Biochem J 400(3):439–448. doi: 10.1042/BJ20061085 
Harb H, van Tol EAF, Heine H, Braaksma M, Gross G, Overkamp K, Hennen M, 
Alrifai M, Conrad ML, Renz H, Garn H (2013) Neonatal supplementation of 
processed supernatant from Lactobacillus rhamnosus GG improves allergic airway 
inflammation in mice later in life. Clin Exp Allergy 43(3):353–364. doi: 
10.1111/cea.12047 
He X, He X, Dave VP, Zhang Y, Hua X, Nicolas E, Xu W, Roe BA, Kappes DJ (2005) 
The zinc finger transcription factor Th-POK regulates CD4 versus CD8 T-cell 
lineage commitment. Nature 433(7028):826–833. doi: 10.1038/nature03338 
Hew KM, Walker AI, Kohli A, Garcia M, Syed A, McDonald-Hyman C, Noth EM, 
Mann JK, Pratt B, Balmes J, Hammond SK, Eisen EA, Nadeau KC (2014) 
Childhood exposure to ambient polycyclic aromatic hydrocarbons is linked to 
epigenetic modifications and impaired systemic immunity in T cells. Clin Exp 
Allergy:n/a. doi: 10.1111/cea.12377 
Hezroni H, Tzchori I, Davidi A, Mattout A, Biran A, Nissim-Rafinia M, Westphal H, 
Meshorer E (2011) H3K9 histone acetylation predicts pluripotency and 
reprogramming capacity of ES cells. nucleus 2(4):300–309. doi: 
10.4161/nucl.2.4.16767 
Hani Harb Discussion 
125 
 
Holliday R (1990) DNA Methylation and Epigenetic Inheritance. Philosophical 
Transactions of the Royal Society B: Biological Sciences 326(1235):329–338. doi: 
10.1098/rstb.1990.0015 
Hollingsworth JW, Maruoka S, Boon K, Garantziotis S, Li Z, Tomfohr J, Bailey N, 
Potts EN, Whitehead G, Brass DM, Schwartz DA (2008) In utero supplementation 
with methyl donors enhances allergic airway disease in mice. J Clin Invest 
118(10):3462–3469. doi: 10.1172/JCI34378 
Hsieh CL (1999) In vivo activity of murine de novo methyltransferases, Dnmt3a and 
Dnmt3b. Mol Cell Biol 19(12):8211–8218 
Huang Y, He Y, Sun X, He Y, Li Y, Sun C (2014) Maternal High Folic Acid 
Supplement Promotes Glucose Intolerance and Insulin Resistance in Male Mouse 
Offspring Fed a High-Fat Diet. IJMS 15(4):6298–6313. doi: 10.3390/ijms15046298 
Irizarry RA, Ladd-Acosta C, Wen B, Wu Z, Montano C, Onyango P, Cui H, Gabo K, 
Rongione M, Webster M, Ji H, Potash JB, Sabunciyan S, Feinberg AP (2009) The 
human colon cancer methylome shows similar hypo- and hypermethylation at 
conserved tissue-specific CpG island shores. Nat Genet 41(2):178–186. doi: 
10.1038/ng.298 
Issa JP, Baylin SB (1996) Epigenetics and human disease. Nat Med 2(3):281–282 
Jagerstad M (2012) Folic acid fortification prevents neural tube defects and may also 
reduce cancer risks. Acta Paediatr 101(10):1007–1012. doi: 10.1111/j.1651-
2227.2012.02781.x 
James SJ, Pogribny IP, Pogribna M, Miller BJ, Jernigan S, Melnyk S (2003) 
Mechanisms of DNA damage, DNA hypomethylation, and tumor progression in the 
folate/methyl-deficient rat model of hepatocarcinogenesis. J Nutr 133(11 Suppl 
1):3740S–3747 
Jensen BM, Falkencrone S, Skov PS Measuring Histamine and Cytokine Release from 
Basophils and Mast Cells, vol 1192, pp 135–145 
Ji H, Khurana Hershey GK (2012) Genetic and epigenetic influence on the response to 
environmental particulate matter. Journal of Allergy and Clinical Immunology 
129(1):33–41. doi: 10.1016/j.jaci.2011.11.008 
Kadauke S, Blobel GA (2013) Mitotic bookmarking by transcription factors. 
Epigenetics & Chromatin 6(1):6. doi: 10.1186/1756-8935-6-6 
Karlic H, Varga F (2011) Impact of vitamin D metabolism on clinical epigenetics. Clin 
Epigenet 2(1):55–61. doi: 10.1007/s13148-011-0021-y 
Kato M, Yamada Y, Maruyama K, Hayashi Y (2011) Differential Effects of 
Corticosteroids on Serum Eosinophil Cationic Protein and Cytokine Production in 
Rhinovirus- and Respiratory Syncytial Virus-Induced Acute Exacerbation of 
Childhood Asthma. Int Arch Allergy Immunol 155(s1):77–84. doi: 
10.1159/000327434 
Kato M, Yamaguchi T, Tachibana A, Kimura H (2005a) Differential role of an atypical 
protein kinase C, PKC zeta, in regulation of human eosinophil and neutrophil 
functions. Int Arch Allergy Immunol 137 Suppl 1:27–34. doi: 10.1159/000085429 
Kato M, Yamaguchi T, Tachibana A, Suzuki M, Izumi T, Maruyama K, Hayashi Y, 
Kimura H (2005b) An atypical protein kinase C, PKC zeta, regulates human 
Hani Harb Discussion 
126 
 
eosinophil effector functions. Immunology 116(2):193–202. doi: 10.1111/j.1365-
2567.2005.02210.x 
Kawayama T, Matsunaga K, Kaku Y, Yamaguchi K, Kinoshita T, O'Byrne PM, 
Hoshino T (2013) Decreased CTLA4+ and Foxp3+CD25highCD4+ Cells in 
Induced Sputum from Patients with Mild Atopic Asthma. Allergol. Int. 62(2):203–
213. doi: 10.2332/allergolint.12-OA-0492 
Keelan JA, Mas E, D'Vaz N, Dunstan JA, Li S, Barden AE, Mark PJ, Waddell BJ, 
Prescott SL, Mori TA (2014) Effects of maternal n-3 fatty acid supplementation on 
placental cytokines, pro-resolving lipid mediators and their precursors. 
Reproduction 149(2):171–178. doi: 10.1530/REP-14-0549 
Kehrmann J, Tatura R, Zeschnigk M, Probst-Kepper M, Geffers R, Steinmann J, Buer J 
(2014) Impact of 5-Aza-2`-deoxycytidine and Epigallocatechin-3-gallate for 
induction of human regulatory T cells. Immunology:n/a. doi: 10.1111/imm.12261 
Kinoshita M, Kayama H, Kusu T, Yamaguchi T, Kunisawa J, Kiyono H, Sakaguchi S, 
Takeda K (2012) Dietary Folic Acid Promotes Survival of Foxp3+ Regulatory T 
Cells in the Colon. The Journal of Immunology 189(6):2869–2878. doi: 
10.4049/jimmunol.1200420 
Klemens CM, Berman DR, Mozurkewich EL (2011) The effect of perinatal omega-3 
fatty acid supplementation on inflammatory markers and allergic diseases: a 
systematic review*. BJOG: An International Journal of Obstetrics & Gynaecology 
118(8):916–925. doi: 10.1111/j.1471-0528.2010.02846.x 
Krauss-Etschmann S, Hartl D, Rzehak P, Heinrich J, Shadid R, Del Carmen Ramirez-
Tortosa M, Campoy C, Pardillo S, Schendel DJ, Decsi T, Demmelmair H, Koletzko 
BV (2008) Decreased cord blood IL-4, IL-13, and CCR4 and increased TGF-beta 
levels after fish oil supplementation of pregnant women. J Allergy Clin Immunol 
121(2):464-470.e6. doi: 10.1016/j.jaci.2007.09.018 
Kwapis JL, Helmstetter FJ (2014) Does PKM(zeta) maintain memory? Brain Research 
Bulletin 105:36–45. doi: 10.1016/j.brainresbull.2013.09.005 
Lachner M, O'Carroll D, Rea S, Mechtler K, Jenuwein T (2001). Nature 
410(6824):116–120. doi: 10.1038/35065132 
Lal G, Bromberg JS (2009) Epigenetic mechanisms of regulation of Foxp3 expression. 
Blood 114(18):3727–3735. doi: 10.1182/blood-2009-05-219584 
Lambrecht BN, Hammad H (2010) The role of dendritic and epithelial cells as master 
regulators of allergic airway inflammation. The Lancet 376(9743):835–843. doi: 
10.1016/S0140-6736(10)61226-3 
Langlois A, Chouinard F, Flamand N, Ferland C, Rola-Pleszczynski M, Laviolette M 
(2009) Crucial implication of protein kinase C (PKC)- , PKC- , ERK-1/2, and p38 
MAPK in migration of human asthmatic eosinophils. Journal of Leukocyte Biology 
85(4):656–663. doi: 10.1189/jlb.0808492 
Lavu S, Boss O, Elliott PJ, Lambert PD (2008) Sirtuins — novel therapeutic targets to 
treat age-associated diseases. Nat Rev Drug Discov 7(10):841–853. doi: 
10.1038/nrd2665 
Hani Harb Discussion 
127 
 
Lee DU, Agarwal S, Rao A (2002) Th2 lineage commitment and efficient IL-4 
production involves extended demethylation of the IL-4 gene. Immunity 16(5):649–
660 
Li D, Bi F, Cao J, Cao C, Liu B, Yang Q (2014) Regulation of DNA methyltransferase 
1 transcription in BRCA1-mutated breast cancer: a novel crosstalk between E2F1 
motif hypermethylation and loss of histone H3 lysine 9 acetylation. Mol Cancer 
13(1):26. doi: 10.1186/1476-4598-13-26 
Li L (2013) Chromatin remodeling by the small RNA machinery in mammalian cells. 
Epigenetics 9(1) 
Li N, Tang B, Zhu E, Li B, Zhuang Y, Yu S, Lu D, Zou Q, Xiao B, Mao X (2012) 
Increased miR-222 in H. pylori-associated gastric cancer correlated with tumor 
progression by promoting cancer cell proliferation and targeting RECK. FEBS 
Letters 586(6):722–728. doi: 10.1016/j.febslet.2012.01.025 
Lloyd CM, Hessel EM (2010) Functions of T cells in asthma: more than just TH2 cells. 
Nat Rev Immunol 10(12):838–848. doi: 10.1038/nri2870 
Lo C, Zhou FC Environmental Alterations of Epigenetics Prior to the Birth, vol 115, 
pp 1–49 
Lovinsky-Desir S, Ridder R, Torrone D, Maher C, Narula S, Scheuerman M, Merle D, 
Kattan M, DiMango E, Miller RL (2014) DNA methylation of the allergy 
regulatory gene interferon gamma varies by age, sex, and tissue type in asthmatics. 
Clin Epigenetics 6(1):9. doi: 10.1186/1868-7083-6-9 
Macias S, Plass M, Stajuda A, Michlewski G, Eyras E, Cáceres JF (2012) DGCR8 
HITS-CLIP reveals novel functions for the Microprocessor. Nat Struct Mol Biol 
19(8):760–766. doi: 10.1038/nsmb.2344 
Madden KM, Lockhart C, Cuff D, Potter TF, Meneilly GS (2013) Aerobic training in 
older adults with type 2 diabetes and vasodepressive carotid sinus hypersensitivity. 
Aging Clin Exp Res 25(6):651–657. doi: 10.1007/s40520-013-0160-4 
Makar KW, Wilson CB (2004a) DNA methylation is a nonredundant repressor of the 
Th2 effector program. J Immunol 173(7):4402–4406 
Makar KW, Wilson CB (2004b) DNA methylation is a nonredundant repressor of the 
Th2 effector program. J. Immunol. 173(7):4402–4406 
Marmorstein R, Zhou M (2014) Writers and Readers of Histone Acetylation: Structure, 
Mechanism, and Inhibition. Cold Spring Harbor Perspectives in Biology 
6(7):a018762. doi: 10.1101/cshperspect.a018762 
Martino DJ, Tulic MK, Gordon L, Hodder M, Richman TR, Metcalfe J, Prescott SL, 
Saffery R (2011) Evidence for age-related and individual-specific changes in DNA 
methylation profile of mononuclear cells during early immune development in 
humans. epigenetics 6(9):1085–1094. doi: 10.4161/epi.6.9.16401 
Mattick JS, Amaral PP, Dinger ME, Mercer TR, Mehler MF (2009) RNA regulation of 
epigenetic processes. BioEssays 31(1):51–59. doi: 10.1002/bies.080099 
Meeran SM, Patel SN, Li Y, Shukla S, Tollefsbol TO, Yu J (2012) Bioactive Dietary 
Supplements Reactivate ER Expression in ER-Negative Breast Cancer Cells by 
Active Chromatin Modifications. PLoS ONE 7(5):e37748. doi: 
10.1371/journal.pone.0037748 
Hani Harb Discussion 
128 
 
Melvin AJ, McGurn ME, Bort SJ, Gibson C, Lewis DB (1995) Hypomethylation of the 
interferon-gamma gene correlates with its expression by primary T-lineage cells. 
Eur. J. Immunol. 25(2):426–430. doi: 10.1002/eji.1830250218 
Miles EA, Calder PC (2013) Omega-6 and Omega-3 Polyunsaturated Fatty Acids And 
Allergic Diseases In Infancy And Childhood. Curr Pharm Des 
Miller JF (1981) Major histocompatibility gene complex and delayed hypersensitivity. 
Int Arch Allergy Appl Immunol 66 Suppl 1:188–196 
Miyake Y, Tanaka K, Okubo H, Sasaki S, Arakawa M (2014) Maternal consumption of 
dairy products, calcium, and vitamin D during pregnancy and infantile allergic 
disorders. Annals of Allergy, Asthma & Immunology 113(1):82–87. doi: 
10.1016/j.anai.2014.04.023 
Monteseirín J (2009) Neutrophils and asthma. J Investig Allergol Clin Immunol 
19(5):340–354 
Mosmann TR, Cherwinski H, Bond MW, Giedlin MA, Coffman RL (2005) Two types 
of murine helper T cell clone. I. Definition according to profiles of lymphokine 
activities and secreted proteins. 1986. J Immunol 175(1):5–14 
Mukasa R, Balasubramani A, Lee YK, Whitley SK, Weaver BT, Shibata Y, Crawford 
GE, Hatton RD, Weaver CT (2010) Epigenetic Instability of Cytokine and 
Transcription Factor Gene Loci Underlies Plasticity of the T Helper 17 Cell 
Lineage. Immunity 32(5):616–627. doi: 10.1016/j.immuni.2010.04.016 
Mutius E von (2007) Of attraction and rejection--asthma and the microbial world. N 
Engl J Med 357(15):1545–1547. doi: 10.1056/NEJMe078119 
Nag SS, Ghosh N, Singh AK, Nayek K, Mitra P (2014) Nephritic syndrome following 
multiple bee stings: a late hypersensitivity reaction. Paediatr Int Child 
Health:2046905514Y0000000131. doi: 10.1179/2046905514Y.0000000131 
Nan X, Ng HH, Johnson CA, Laherty CD, Turner BM, Eisenman RN, Bird A (1998) 
Transcriptional repression by the methyl-CpG-binding protein MeCP2 involves a 
histone deacetylase complex. Nature 393(6683):386–389. doi: 10.1038/30764 
Ng HH, Zhang Y, Hendrich B, Johnson CA, Turner BM, Erdjument-Bromage H, 
Tempst P, Reinberg D, Bird A (1999) MBD2 is a transcriptional repressor 
belonging to the MeCP1 histone deacetylase complex. Nat Genet 23(1):58–61. doi: 
10.1038/12659 
Nuolivirta K, Hurme M, Halkosalo A, Koponen P, Korppi M, Vesikari T, Helminen M 
(2009) GENE POLYMORPHISM OF IFNG +874 T/A AND TLR4 +896 A/G 
AND RECURRENT INFECTIONS AND WHEEZING IN TODDLERS WITH 
HISTORY OF BRONCHIOLITIS. The Pediatric Infectious Disease Journal 
28(12):1121–1123. doi: 10.1097/INF.0b013e3181af37ee 
Okino ST, Pookot D, Li L, Zhao H, Urakami S, Shiina H, Igawa M, Dahiya R (2006) 
Epigenetic inactivation of the dioxin-responsive cytochrome P4501A1 gene in 
human prostate cancer. Cancer Res. 66(15):7420–7428. doi: 10.1158/0008-
5472.CAN-06-0504 
Onodera A, Yamashita M, Endo Y, Kuwahara M, Tofukuji S, Hosokawa H, Kanai A, 
Suzuki Y, Nakayama T (2010) STAT6-mediated displacement of polycomb by 
trithorax complex establishes long-term maintenance of GATA3 expression in T 
Hani Harb Discussion 
129 
 
helper type 2 cells. Journal of Experimental Medicine 207(11):2493–2506. doi: 
10.1084/jem.20100760 
Palomares O, Yaman G, Azkur AK, Akkoc T, Akdis M, Akdis CA (2010) Role of Treg 
in immune regulation of allergic diseases. Eur. J. Immunol. 40(5):1232–1240. doi: 
10.1002/eji.200940045 
Park GT, Han J, Park S, Kim S, Kim T (2013) DNA methylation analysis of CD4+ T 
cells in patients with psoriasis. Arch Dermatol Res. doi: 10.1007/s00403-013-1432-
8 
Pascoe M, Howells D, Crewther S, Crewther D, Carey L (2015) Fish oil 
supplementation associated with decreased cellular degeneration and increased 
cellular proliferation 6 weeks after middle cerebral artery occlusion in the rat. 
NDT:153. doi: 10.2147/NDT.S72925 
Patil VK, Holloway JW, Zhang H, Soto-Ramirez N, Ewart S, Arshad S, Karmaus W 
(2013) Interaction of prenatal maternal smoking, interleukin 13 genetic variants and 
DNA methylation influencing airflow and airway reactivity. Clin Epigenetics 
5(1):22. doi: 10.1186/1868-7083-5-22 
Pavord ID, Wardlaw AJ (2010) The A to E of airway disease. Clinical & Experimental 
Allergy 40(1):62–67. doi: 10.1111/j.1365-2222.2009.03410.x 
Pfefferle PI, Prescott SL, Kopp M (2013) Microbial influence on tolerance and 
opportunities for intervention with prebiotics/probiotics and bacterial lysates. 
Journal of Allergy and Clinical Immunology 131(6):1453–1463. doi: 
10.1016/j.jaci.2013.03.020 
Pillai RS (2005) MicroRNA function: multiple mechanisms for a tiny RNA? RNA 
11(12):1753–1761. doi: 10.1261/rna.2248605 
Pouliot P, Willart MA, Hammad H, Lambrecht BN Studying the Function of Dendritic 
Cells in Mouse Models of Asthma, vol 595, pp 331–349 
Prescott SL, Irvine J, Dunstan JA, Hii C, Ferrante A (2007) Protein kinase Czeta: a 
novel protective neonatal T-cell marker that can be upregulated by allergy 
prevention strategies. J Allergy Clin Immunol 120(1):200–206. doi: 
10.1016/j.jaci.2007.03.045 
Prussin C, Metcalfe DD (2003) 4. IgE, mast cells, basophils, and eosinophils. J. Allergy 
Clin. Immunol. 111(2 Suppl):S486-94 
Raedler D, Ballenberger N, Klucker E, Böck A, Otto R, Prazeres da Costa O, Holst O, 
Illig T, Buch T, Mutius E von, Schaub B (2015) Identification of novel immune 
phenotypes for allergic and nonallergic childhood asthma. Journal of Allergy and 
Clinical Immunology 135(1):81–91. doi: 10.1016/j.jaci.2014.07.046 
Raedler D BNKEBAORPdCOea (2014) Identification of novel immune phenotypes for 
allergic and non-allergic childhood asthma. Journal of Allergy and Clinical 
Immunology July 
Rajabbik M, Lotfi T, Alkhaled L, Fares M, El-Hajj Fuleihan G, Mroueh S, Akl EA 
(2014) sAssociation between low vitamin D levels and the diagnosis of asthma in 
children: a systematic review of cohort studies. Allergy Asthma Clin Immunol 
10(1):31. doi: 10.1186/1710-1492-10-31 
Hani Harb Discussion 
130 
 
Ramming A, Druzd D, Leipe J, Schulze-Koops H, Skapenko A (2012) Maturation-
related histone modifications in the PU.1 promoter regulate Th9-cell development. 
Blood 119(20):4665–4674. doi: 10.1182/blood-2011-11-392589 
Rayees S, Malik F, Bukhari SI, Singh G (2014) Linking GATA-3 and interleukin-13: 
implications in asthma. Inflamm. Res. 63(4):255–265. doi: 10.1007/s00011-013-
0700-6 
Richardson B, Sawalha AH, Ray D, Yung R Murine Models of Lupus Induced by 
Hypomethylated T Cells (DNA Hypomethylation and Lupus…), vol 900, pp 169–
180 
Rossetto D, Avvakumov N, Côté J (2012) Histone phosphorylation: A chromatin 
modification involved in diverse nuclear events. epigenetics 7(10):1098–1108. doi: 
10.4161/epi.21975 
Rothenberg ME, Hogan SP (2006) The eosinophil. Annu. Rev. Immunol. 24:147–174. 
doi: 10.1146/annurev.immunol.24.021605.090720 
Rountree MR, Bachman KE, Baylin SB (2000) DNMT1 binds HDAC2 and a new co-
repressor, DMAP1, to form a complex at replication foci. Nat Genet 25(3):269–277. 
doi: 10.1038/77023 
Rui J, Liu H, Zhu X, Cui Y, Liu X (2012) Epigenetic Silencing of Cd8 Genes by 
ThPOK-Mediated Deacetylation during CD4 T Cell Differentiation. The Journal of 
Immunology 189(3):1380–1390. doi: 10.4049/jimmunol.1201077 
Runau F, Arshad A, Isherwood J, Norris L, Howells L, Metcalfe M, Dennison A (2015) 
Potential for Proteomic Approaches in Determining Efficacy Biomarkers Following 
Administration of Fish Oils Rich in Omega-3 Fatty Acids: Application in Pancreatic 
Cancers. Nutr Clin Pract. doi: 10.1177/0884533614567337 
Russ BE, Prier JE, Rao S, Turner SJ (2013) T cell immunity as a tool for studying 
epigenetic regulation of cellular differentiation. Front. Genet. 4. doi: 
10.3389/fgene.2013.00218 
Salam MT Asthma Epigenetics, vol 795, pp 183–199 
Sampson AP (2000) The role of eosinophils and neutrophils in inflammation. Clin. Exp. 
Allergy 30 Suppl 1:22–27 
Sanders AP, Smeester L, Rojas D, Debussycher T, Wu MC, Wright FA, Zhou Y, Laine 
JE, Rager JE, Swamy GK, Ashley-Koch A, Lynn Miranda M, Fry RC (2013) 
Cadmium exposure and the epigenome: Exposure-associated patterns of DNA 
methylation in leukocytes from mother-baby pairs. Epigenetics 9(2) 
Santangelo S, Cousins DJ, Winkelmann NEE, Staynov DZ (2002) DNA methylation 
changes at human Th2 cytokine genes coincide with DNase I hypersensitive site 
formation during CD4(+) T cell differentiation. J. Immunol. 169(4):1893–1903 
Schones DE, Zhao K (2008) Genome-wide approaches to studying chromatin 
modifications. Nat Rev Genet 9(3):179–191. doi: 10.1038/nrg2270 
Shen W, Wang C, Xia L, Fan C, Dong H, Deckelbaum RJ, Qi K (2014) Epigenetic 
Modification of the Leptin Promoter in Diet-Induced Obese Mice and the Effects of 
N-3 Polyunsaturated Fatty Acids. Sci. Rep. 4. doi: 10.1038/srep05282 
Shorter KR, Anderson V, Cakora P, Owen A, Lo K, Crossland J, South ACH, Felder 
MR, Vrana PB, Kappen C (2014) Pleiotropic Effects of a Methyl Donor Diet in a 
Hani Harb Discussion 
131 
 
Novel Animal Model. PLoS ONE 9(8):e104942. doi: 
10.1371/journal.pone.0104942 
Sicherer SH, Leung DY (2010) Advances in allergic skin disease, anaphylaxis, and 
hypersensitivity reactions to foods, drugs, and insects in 2009. Journal of Allergy 
and Clinical Immunology 125(1):85–97. doi: 10.1016/j.jaci.2009.11.031 
Sicherer SH, Wood RA, Stablein D, Burks AW, Liu AH, Jones SM, Fleischer DM, 
Leung DY, Grishin A, Mayer L, Shreffler W, Lindblad R, Sampson HA (2010) 
Immunologic features of infants with milk or egg allergy enrolled in an 
observational study (Consortium of Food Allergy Research) of food allergy. Journal 
of Allergy and Clinical Immunology 125(5):1077-1083.e8. doi: 
10.1016/j.jaci.2010.02.038 
Sin B, Togias A (2011) Pathophysiology of Allergic and Nonallergic Rhinitis. 
Proceedings of the American Thoracic Society 8(1):106–114. doi: 
10.1513/pats.201008-057RN 
Singh A, Yamamoto M, Ruan J, Choi J, Gauvreau GM, Olek S, Hoffmueller U, 
Carlsten C, FitzGerald J, Boulet L, O'Byrne PM, Tebbutt SJ (2014) Th17/Treg ratio 
derived using DNA methylation analysis is associated with the late phase asthmatic 
response. Allergy Asthma Clin Immunol 10(1):32. doi: 10.1186/1710-1492-10-32 
Sjåheim TB, Bjørtuft Ø, Drabløs PA, Kongerud J, Halstensen TS (2013) Increased 
Bronchial Density of CD25+Foxp3+ Regulatory T Cells in Occupational Asthma: 
Relationship to Current Smoking. Scand J Immunol 77(5):398–404. doi: 
10.1111/sji.12035 
Sloka S, Silva C, Wang J, Yong V (2011) Predominance of Th2 polarization by Vitamin 
D through a STAT6-dependent mechanism. J Neuroinflammation 8(1):56. doi: 
10.1186/1742-2094-8-56 
Smith F, Miller JF (1979) Delayed type hypersensitivity to allogeneic cells in mice. I. 
Requirements for optimal sensitization and definition of the response. Int Arch 
Allergy Appl Immunol 58(3):285–294 
Smyth LJC (2010) Increased Airway T Regulatory Cells in Asthmatic Subjects. CHEST 
138(4):905. doi: 10.1378/chest.09-3079 
Snowden AW, Gregory PD, Case CC, Pabo CO (2002) Gene-specific targeting of 
H3K9 methylation is sufficient for initiating repression in vivo. Curr Biol 
12(24):2159–2166 
Soberanes S, Gonzalez A, Urich D, Chiarella SE, Radigan KA, Osornio-Vargas A, 
Joseph J, Kalyanaraman B, Ridge KM, Chandel NS, Mutlu GM, Vizcaya-Ruiz A 
de, Budinger GRS (2012) Particulate matter Air Pollution induces hypermethylation 
of the p16 promoter Via a mitochondrial ROS-JNK-DNMT1 pathway. Sci. Rep. 2. 
doi: 10.1038/srep00275 
Sorensen L, Thorlacius-Ussing O, Rasmussen H, Lundbye-Christensen S, Calder P, 
Lindorff-Larsen K, Schmidt E (2014) Effects of Perioperative Supplementation 
with Omega-3 Fatty Acids on Leukotriene B4 and Leukotriene B5 Production by 
Stimulated Neutrophils in Patients with Colorectal Cancer: A Randomized, 
Placebo-Controlled Intervention Trial. Nutrients 6(10):4043–4057. doi: 
10.3390/nu6104043 
Hani Harb Discussion 
132 
 
Soroosh P, Doherty TA (2009) Th9 and allergic disease. Immunology 127(4):450–458. 
doi: 10.1111/j.1365-2567.2009.03114.x 
Souwer Y, Szegedi K, Kapsenberg ML, Jong EC de (2010) IL-17 and IL-22 in atopic 
allergic disease. Current Opinion in Immunology 22(6):821–826. doi: 
10.1016/j.coi.2010.10.013 
Steinke JW, Lawrence MG (2014) T-cell biology in immunotherapy. Annals of Allergy, 
Asthma & Immunology 112(3):195–199. doi: 10.1016/j.anai.2013.12.020 
Stelmaszczyk-Emmel A, Zawadzka-Krajewska A, Szypowska A, Kulus M, Demkow U 
(2013) Frequency and Activation of CD4+CD25 high FoxP3+ Regulatory T Cells 
in Peripheral Blood from Children with Atopic Allergy. Int Arch Allergy Immunol 
162(1):16–24. doi: 10.1159/000350769 
Strachan DP (2000) Family size, infection and atopy: the first decade of the "hygiene 
hypothesis". Thorax 55 Suppl 1:S2-10 
Strenkert D, Schmollinger S, Schroda M (2011) Protocol: methodology for chromatin 
immunoprecipitation (ChIP) in Chlamydomonas reinhardtii. Plant Methods 7(1):35. 
doi: 10.1186/1746-4811-7-35 
Su R, Becker AB, Kozyrskyj AL, Hayglass KT (2008) Epigenetic regulation of 
established human type 1 versus type 2 cytokine responses. J Allergy Clin Immunol 
121(1):57-63.e3. doi: 10.1016/j.jaci.2007.09.004 
Sundar IK, Rahman I (2011) Vitamin D and Susceptibility of Chronic Lung Diseases: 
Role of Epigenetics. Front. Pharmacol. 2. doi: 10.3389/fphar.2011.00050 
Tang W, Levin L, Talaska G, Cheung YY, Herbstman J, Tang D, Miller RL, Perera F, 
Ho S (2012) Maternal Exposure to Polycyclic Aromatic Hydrocarbons and 5′-CpG 
Methylation of Interferon-γ in Cord White Blood Cells. Environ Health Perspect 
120(8):1195–1200. doi: 10.1289/ehp.1103744 
Thomas LR, Miyashita H, Cobb RM, Pierce S, Tachibana M, Hobeika E, Reth M, 
Shinkai Y, Oltz EM (2008) Functional analysis of histone methyltransferase g9a in 
B and T lymphocytes. J Immunol 181(1):485–493 
Tomankova T, Petrek M, Gallo J, Kriegova E (2012) MicroRNAs: Emerging 
Regulators of Immune-Mediated Diseases. Scandinavian Journal of Immunology 
75(2):129–141. doi: 10.1111/j.1365-3083.2011.02650.x 
Vasiliou JE, Lui S, Walker SA, Chohan V, Xystrakis E, Bush A, Hawrylowicz CM, 
Saglani S, Lloyd CM (2014) Vitamin D deficiency induces Th2 skewing and 
eosinophilia in neonatal allergic airways disease. Allergy:n/a. doi: 
10.1111/all.12465 
Veeranki SP, Gebretsadik T, Dorris SL, Mitchel EF, Hartert TV, Cooper WO, Tylavsky 
FA, Dupont W, Hartman TJ, Carroll KN (2014) Association of Folic Acid 
Supplementation During Pregnancy and Infant Bronchiolitis. American Journal of 
Epidemiology 179(8):938–946. doi: 10.1093/aje/kwu019 
Volk LJ, Bachman JL, Johnson R, Yu Y, Huganir RL (2013) PKM-ζ is not required for 
hippocampal synaptic plasticity, learning and memory. Nature 493(7432):420–423. 
doi: 10.1038/nature11802 
Hani Harb Discussion 
133 
 
Wade PA, Gegonne A, Jones PL, Ballestar E, Aubry F, Wolffe AP (1999) Mi-2 
complex couples DNA methylation to chromatin remodelling and histone 
deacetylation. Nat Genet 23(1):62–66. doi: 10.1038/12664 
Wei G, Wei L, Zhu J, Zang C, Hu-Li J, Yao Z, Cui K, Kanno Y, Roh T, Watford WT, 
Schones DE, Peng W, Sun H, Paul WE, O'Shea JJ, Zhao K (2009) Global Mapping 
of H3K4me3 and H3K27me3 Reveals Specificity and Plasticity in Lineage Fate 
Determination of Differentiating CD4+ T Cells. Immunity 30(1):155–167. doi: 
10.1016/j.immuni.2008.12.009 
Weidinger S, Gieger C, Rodriguez E, Baurecht H, Mempel M, Klopp N, Gohlke H, 
Wagenpfeil S, Ollert M, Ring J, Behrendt H, Heinrich J, Novak N, Bieber T, 
Krämer U, Berdel D, Berg A von, Bauer CP, Herbarth O, Koletzko S, Prokisch H, 
Mehta D, Meitinger T, Depner M, Mutius E von, Liang L, Moffatt M, Cookson W, 
Kabesch M, Wichmann H, Illig T, Cheung VG (2008) Genome-Wide Scan on Total 
Serum IgE Levels Identifies FCER1A as Novel Susceptibility Locus. PLoS 
Genetics 4(8):e1000166. doi: 10.1371/journal.pgen.1000166 
Wendell SG, Golin-Bisello F, Wenzel S, Sobol RW, Holguin F, Freeman BA (2015) 
15-hydroxyprostaglandin dehydrogenase generation of electrophilic lipid signaling 
mediators from hydroxy omega-3 fatty acids. J Biol Chem. doi: 
10.1074/jbc.M114.635151 
Wilkinson AW, Gozani O (2014) Histone-binding domains: Strategies for discovery 
and characterization. Biochimica et Biophysica Acta (BBA) - Gene Regulatory 
Mechanisms 1839(8):669–675. doi: 10.1016/j.bbagrm.2014.01.007 
Witko-Sarsat V, Rieu P, Descamps-Latscha B, Lesavre P, Halbwachs-Mecarelli L 
(2000) Neutrophils: molecules, functions and pathophysiological aspects. Lab. 
Invest. 80(5):617–653 
Xu X, Su S, Barnes VA, Miguel C de, Pollock J, Ownby D, Shi H, Zhu H, Snieder H, 
Wang X (2013) A genome-wide methylation study on obesity: Differential 
variability and differential methylation. epigenetics 8(5):522–533. doi: 
10.4161/epi.24506 
Yamane H, Paul WE (2013) Early signaling events that underlie fate decisions of naive 
CD4 + T cells toward distinct T-helper cell subsets. Immunol Rev 252(1):12–23. 
doi: 10.1111/imr.12032 
Yates CM, Calder PC, Ed Rainger G (2014) Pharmacology and therapeutics of omega-3 
polyunsaturated fatty acids in chronic inflammatory disease. Pharmacology & 
Therapeutics 141(3):272–282. doi: 10.1016/j.pharmthera.2013.10.010 
Zella LA, Meyer MB, Nerenz RD, Lee SM, Martowicz ML, Pike JW (2010) 
Multifunctional Enhancers Regulate Mouse and Human Vitamin D Receptor Gene 
Transcription. Molecular Endocrinology 24(1):128–147. doi: 10.1210/me.2009-
0140 
Zhang B, Denomme MM, White CR, Leung K, Lee MB, Greene NDE, Mann MRW, 
Trasler JM, Baltz JM (2014a) Both the folate cycle and betaine-homocysteine 
methyltransferase contribute methyl groups for DNA methylation in mouse 
blastocysts. FASEB J. doi: 10.1096/fj.14-261131 
Hani Harb Discussion 
134 
 
Zhang H, Kong H, Zeng X, Guo L, Sun X, He S (2014b) Subsets of regulatory T cells 
and their roles in allergy. J Transl Med 12(1):125. doi: 10.1186/1479-5876-12-125 
Zhang X, Ouyang S, Kong X, Liang Z, Lu J, Zhu K, Zhao D, Zheng M, Jiang H, Liu X, 
Marmorstein R, Luo C (2014c) Catalytic Mechanism of Histone Acetyltransferase 
p300: From the Proton Transfer to Acetylation Reaction. J. Phys. Chem. 
B:140219070212009. doi: 10.1021/jp409778e 
Zhang Y, Ng HH, Erdjument-Bromage H, Tempst P, Bird A, Reinberg D (1999) 
Analysis of the NuRD subunits reveals a histone deacetylase core complex and a 
connection with DNA methylation. Genes Dev 13(15):1924–1935 
Zhang Z, Sferra TJ, Eroglu Y (2013) T Cell Co-Stimulatory Molecules: A Co-
conspirator in the Pathogenesis of Eosinophilic Esophagitis? Dig Dis Sci 
58(6):1497–1506. doi: 10.1007/s10620-013-2599-8 
Zheng W, Zhao Q, Zhao X, Li B, Hubank M, Schatz DG, Flavell RA (2004) Up-
regulation of Hlx in immature Th cells induces IFN-gamma expression. J. Immunol. 
172(1):114–122 
Zhou Y, Lu Q (2008) DNA methylation in T cells from idiopathic lupus and drug-
induced lupus patients. Autoimmunity Reviews 7(5):376–383. doi: 
10.1016/j.autrev.2008.03.003 
Zweig MH, Campbell G (1993) Receiver-operating characteristic (ROC) plots: a 
fundamental evaluation tool in clinical medicine. Clin. Chem. 39(4):561–577 
 
Hani Harb Discussion 
135 
 
7. Verzeichnis der akademischen Lehrer 
7.1. Amman Universität 
Meine akademischen Lehrer waren die Damen und Herren Professoren bzw. 
Privat-Dozenten in Marburg:  
Abbas, Al Bazaz, Al Aghbar, Atwan, Dawood, Gharibeh, Khalaf, Maraqa, Mursi, 
Oraikat, Othman, Shalaan, Shakia. 
7.2. Philipps Marburg Universität 
Meine akademischen Lehrer waren die Damen und Herren Professoren bzw. 
Privat-Dozenten in Marburg:  
Daut, del Rey, Eilers, Garten, Jacob, Kirchner, Lill, Liss, Löffler, Lohoff, Moll, 
Müller, Petz, Renkawitz-Pohl, Renz, Röhm, Röper, Schäfer, Seitz, Schäfer, 
Weih 
 
